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© The prepare and use of nucieic acid ^J^T ^T^^^^ 

tobacco which are highly responsive to a number recombina nt DMA constructions 

^compounds are described. These V 0 ™™"^™^™^* product operabiy linked to such promoter 
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EXTERNAL REGULATION OF GENE EXPRESSION 

CROSS-REFERENCE TO RELATED APPLCIATION 
This application is a continuation-in-part of U.S. Seria. No. 07/327.205. fled March 17. 1989. 

FIELD OF THE INVENTION 

This invention raiates to »e ^g^J- Z»£ SKS-^ 
several genes from corn, petunia and tobacco which are nig y e nuc|eic ackJ sequen ces 

benzenesulfonamides and rotated ^^"^ .^^ n e e n ^ ^Ti pramoter fragments in recombinant DNA 
encoding a desired gene product ^nta^M-dtDOM^ M pmmo g ^ ^ ^ p|ants jn 
constructions may be made. Transformation of ptente wrth ^ control|ed by ^ application 

which the expression of the product encoded by such chimeric genes can 
of a suitable inducing chemical. 



BACKGROUND OF THE INVENTION 



The abi-ity to external.y control the expression J^ZZ^^^ 5SE££ 
field-grown plants by the application of ^^^^^^ ^g.uaon of genes that might 
agronomic and foodstuff benefits. Th« control .s es ^* d ^ s, ™™ g "(1) prolonging or extending the 
be placed into transgenic plants and has many ^"f^*"^ 

accumulation of desirable nutritional I food reserve f ^' ^ n ^S VuKat these products are 
products in plant tissues at a defined time mi 2^S2SSlto^*a pest-specific toxin at the site of 
convenient for harvest and/or isolation .and (3) cSL^ of the ultimate food 

the field has not been available. dire cted by a region of DNA called the promoter. In 

in eukaryotic systems, the expression oogenesis djected by a g ^ ^ ^ ^ 

general, the promoter is considered to . b. . ** portion £*J^0^J» ^ other te 

that contains the site for the initiation ^^J^. at l ppr0 ximately 30 bp (-30) 5 relative 
that act to regulate gene expression^se in^de^he TATA box pp ^ ^ may bQ 

to the transcription start site and often i a ^ CAAT ■»* * in response to environmental stimuli, such as 
present in the promoter are those that affect 9ene expression .n re p ^ ^ ^ QNA 

Sght. nutrient availability, heat. anaero°.o.s,s «ming or tissue specificity of gen 

sequences contained within the promoter may affect the devewpnu * , nearby genes in a 

expression .n addition, enhancer-like se *™<»**£*< SSTSn dSolbad in a number of eukaryotic 
manner that is independent of position , or orientation have been £esc ^ ^ ^ The ^ 

systems. Homologs of these enhar^er-l.ke sequent^ have oeen opportunity to isolate promoters 

Sr^LES^^ which may be useful in re9U,a " 9 " 

expression of these genes is either contmious hmughout the Me ^ * t ,„ each 

, premier), or regulated by the th^enT predestined to be expressed, 

organ/tissue/cell (stage or tissue specific promoters Hnwhic h tne g p ^ oJ tne lif 

sskssss s ^s. - S5 ~ 5,896 ^ 
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tissue of a transformable plant to control the express™ of any d sired ge ne p roduct 

There are inducer/promoter combinations that have beer VjJ^J*^; °* e P based 0 „ the use 
genes in both bacterial and animal systems. Many of he ma ^^^ t X^ZMB bacterial growth, 
of promoters that respond to metabolites or metabolrte £££ SI Sormed with 
Addition of an appropriate metabolite to the ."^ Mg«M ,n e^preSon of the desired 

wound-inducible inhibitor gene ,n potet c • tCeveland. T .EL* aJ. ™ jn formed 

ESMSs=SS2SSStas5ass==! 

expression in the field must mm.mally be environmentally safe q ° agronomic practice, 

morphology and development of plants, and be easily ^d under colons of nonnal ^ ° P n 

A number of natural products are known that affect gene . exp ess,on_ i ne ^ 
occurring plant growth regulators such - Turn** Niihoff 

[c.f.. Davies. P. (Ed.) Plant Hormones and Their Rotes In I ^ e ™J^ ' c acjd [Hooft vanhuijsduij- 
Publ. 1987] white °*- ch -^ above are applied to 

nen et al.. J. Gen. Virol.. 67.235-2143 iaa«>j. wnen u« « » meteb olism is observed that has been 

various plants or plant derived cells/tissues/organs, a change nni * e ™^'^™ enes as well as the 
shown to be due. at '^'7^ that induce these 

genes themselves have been isolated and c ™^™™-™° • , te ^ be candidates for 

genes normally function in regulating the growth and Sck of utility is a direct 

inducers of recombinant, chemically inducible genes in transgenic * ^ Rant's 

result of undesirable pleiotropic effects that would anse from the J^^JSnlmMnwt gene. For 
endogenous hormone sensitive developmental P^™ t 0 Jd Indu^ ^undesirabte 
example, activation of a foreign gene by absc.sc f^'"^' 0 ^^ An Rev. Plant Physiol. 25. 
hormone effects including negative effects on P^™^" 8 ™^ abscission of 
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are functionally defined as chemjcals tha IM* ™ safening action 

toxic effects of herbicides when the p ant .s trea ted w.ttv * e s ^ o ^° of £ herbicide in sa fener-treated 

This increase in GST activity is correlated wrth an '"creased l J^^ e ™ t 7 . 235 -243 1986]. Thus 
Sr^^ 

P ,ants are induced by treatment with a variety jf ^ t^^ P ^^Ws derated metabolic 
Crop Protection Society Conference. Weeds 3114 ^2 r L JS nlants For example. 2 to 5 fold increases 
detoxification is increased herbicide tolerance «^^^S^ beenTse^ed in wheat and com 
in the metabolism rates of chlorsulfuron and "etsuHuron methyl have ' *° J Qr cyometrinil . 

following application of the antidotes i ^^l 6r ^^^^Sr^ following antidote 
This observed increase in sulfonylurea he *'^^^ IS ™ t ^ p^ are treated with le protein 
treatment. In addition, the safenmg activrty of the chemicals no ^" " ^ inorease in her bicide 
synthesis inhibitor cycloheximide prior to sa fener ^^^™™ n& „ protein syntnesis 

metabolism is dependant on de novo protem ^es* ™* 3^3f nuclear genes, and that a 
indicates that safener treatment may activate the transcr.pt.on of spec tic ™ c 9 regula ting the 
safener/safener-induced gene promoter combination may ex.* that £JZ^^^ m t J£, md 

45 these chemicals. ft4-5745-5749 1987], discloses studies of the 

Ebert et al.. [Ebert et al.. Proc. Natl- Acad. TOs^Lwtor is constitutive rather than 

active fragment of ONA containing the ^^^^^^^^ London was made 
inducible, and while of bactenal ongin. operates ^ « Chloramphenicol acetyl transferase 
so that the promoter controlled the expression of the reporter gene chlo^amp e w & 

(CAT). The authors reported «« a fragment o^ 3 ^.^^J^Lo copies of the fragment tripled 
expression of the CAT gene. They reporter . turner ^^^Z^,^^ were repeatable in 3 
the expression of the CAT gene. These resute from stably tran storm obta ined when gen 

transient assay using tobacco protoplasts. Companson « f * e ^^^HnS^bly transformed 
expression was controlled by the 33 bp tf^J«ntinbQ*IJ»^ ^ ^ be)ief 
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knefe and eeseyee tor Adh1 erqxesaon 20 *" fSfc^SHahl gene (1096 beee peine) 
«".«" T re ,SCe ^r^Sd^eTtne ^e* aneL* '-eeoMon C th. 

maize protoplasts with a recombinant gene ~"^" 9 ° f *^ r X JiodHying the length of the promoter 

appropriate anaerobic — ce,.s V et 
maize Adh1 gene was used to regulate CAT gene ' 5 * detected. However, promoter 

a... EM BO Journal 6:11-16 1987]. In fact ^^^^^e^XS Mosaic Virus (CaMV) 
elements from the octopine synthase gene of bacteria, or those from the oa CAJ 
.inked 5 to the Adh1 promoter, stimulated M^kndM CAT gene and "J*™^ and 5 to the 
after anaerobic induction. The fragment °\°^^Z^Uop^Z expression of the CAT gene 
transcription start site of the structural 0» » "J ' JITSE Segment of DNA was maintained even 
under anaerobic control. Therefore, anaerobic control ^fj*™*™^™ promoters, were present. The 
35 when the octopine synthase and CaMV 355 P^^^^^^^ fransien" assays by 
22-^ tSttttrjXZtt to the region showing anaerobic 

„ sequences have been induced ^ ^^^^^^^SS^ sequences of the 
4.579.821 issued to Palmrter and Br.nster dsdoses the P DNA sequences operably 

mouse metallothionein-l gene and .ts use to confro the ^ expression of thymidine 

linked to the promoter by exposure to heavy metal wnjorjterwd ^ Qf M mice upon 

kinase fused to the metaHothtenein-l prefer was J^^JJ^EJ* Na kata and Shinagaua 

« administration of cadmium or de xamethasone_ 4 ^ uu M was fused a foreign gene 3 

discloses the isolation of a gene for P ^ 2 * None of these inventions, 

p.ants for constant ievels of these nutrients for norma .grow* ,r the have been reported . 

Several reports of attempts to uregulate ^^^^E^HCr heat shock gene promoters 
European patent applicator ' n . um ^f ^593 ° J ^^^d foreign genes in transgenic plants. In the 
from soybean and claims the.r use for driving the expression activating xpression of foreign 

application, the authors claim the use of fret, promcrters J^JJSS^nSto or an herbicide resistance 
genes such as a crys^Une^c pro e,n MM ^ ^eSon of a gene linked to one of 

S inTp^tSSSU- of - daily temperature in the field. 
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inducible genes (Em and ^5,. fl tl ;Jndl^SS to S I ast In part, at the tevel of 
induced in whole plants by addrt.on of AB* The nnductJ «^J*°T an Em gen omic clone were 
transcription. Promoter fragments of varying L£SL was linked to polyadenylation 

translationally fused to a bacteria. ^^^^^^S^ using these different length 
signals from the CaMV 35S ^^J^^^^l^ both monocot (rice) and dicot 
promoter fragments was analyzed in transient ex P re ^ 0 ^Tthe Em coding region (650 bp) and the 
"tobacco) protoplasts. They demonstrated that regions upstream %^£°££5^ expression of 
7S globulin coding region (1800 bp) contain •^^^TjS^ show any Responsiveness in the 

SSTS compels in regulating J^g'^-n5J& that Cms a method to 
A patent was issued in ^^^^^^JZS^trn expression of genes of interest 
improve the nitrogen f.x.ng system of leguminous plants |yconwo g, h demonstrated that a 
with a promoter from a root/ ^ A J^ ^ 8| ^^ , p J^ d«h«l from a soybean 
chloramphenicol acetyltransferase CAT) ^ ^^J^™ in a fashion similar to other root 
.eghemoglobin gene was inducible .n the roots of «2£Z£tt^ m that induction of genes is 
specific genes that are affected by nodulation Themethod Ira «^rety i mneo t0 
iimited to simulation by nodulation and the induction ™tran2ormed plants, 

externally control the expression of genes a^ any tome in M ^ 9 ^ e ™ on Leign genes 
To date, there are no reports of pwc**i jeans to "^Sadta normal agronomic practices. While 
in transgenic plants using a method « m P^J"*J^ u ^ ^ stress and phytohormones have 
reports of plant promoter sequences ^"^^^'^p^STto chemical substances that 
appeared, no disclosures of specfic inducibte P r ° mo ^ h ^ n 7'3s"on in plants by application of the 
might constitute the basis for a practice .method to ^'^S^^^moJr sequences to be 
chemical in the field have appeared. At this time a dear nee d exists to w expression of gen es 



35 target gene. 

SUMMARY OF THE INVENTION 



40 



A practical means to control the expression of selectodgenes J^^J^" S 
by the application of a chemical substance has been discover^ The present ^inven ^ p whoge 
acid promoter fragments and ^wnsUeam sequence^de^ These 
expression are responsive to a number of sub ^ ul ^ r ^ 2 ^"^"! m „^ DNA constructs containing a 
nucleic acid promoter fragments h ^ n *^ demonstrate that the 

structural gene <* ^ ^ Specifically, one aspect o, ft 

rJSS&X— inducible by a compound of Formula NX: 
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30 wherein 

X is H, F, CI, Br CF 3 . or d-C 2 alkyl; 

X I is H. F. CI, C1-C2 alkyi, S0 2 NR'R 2 or CO z R 1 ; 

Y is H. CI or 8Q2NW ff. CO2W. NO,. ^ R £ ; ha)oalky| or C2 . C4 subs tituted with C-Ca alkoxy or 
R is H, C1-C6 alkyl. C 3 -C 6 cycloalkyl. benzyl or C2-C4 haioaiicyi or 02 * 

35 C1-C2 alkylthio; 
R 1 is C1-C3 alkyl; 
R 2 is C1-C3 alkyl; 
R 3 is CO2R2; 

R* is Ci-Cs alkyl or C 3 -C 6 cycloalkyl; 

" Z SSt^SSE'cr* ** ****** - — » « *»"— "* 

and 

selected gene product operably linked to said promoter fragment acid 

cucumber, pepper, canola. tomato, potato, lentil, flax, b occoii. i " D ' tea ^ coffee . Most 

" "T^efco^s by vuu» « or 0*0 o, « ooorpound, C *n»- . who^in: 

X is H or 2-Cl; 

Y is 3-CI or S0 2 N(CH a ) 2 ; 

R is H. Ci-Cg aJkyl or Cs-Cs cycloalkyl; and 



9 



t 



EP 0 388 186 A1 



compounds of Formula II wherein: 
R is Ci-C* alkyl or Cs-Ce cycloalkyl; 
FU is Ci-C* alkyl; and 
compounds of Formula III wherein: 
R 5 is OCH 3 or NR 6 R7; 
R G isHor C1-C4 alkyl: and 



to 



"Torpid for use with recombinant DMA constructions whose expression is regulated by a 2-2 

such that exposure of plants transformed ^^^^^^^^operably linked on the 3' 
causes increased expression of DNA sequence coding " ^ZSam to cDNA clones 2-1. 2-2. 

derived from the corn 2-2 gene. inant nNA construct capable of transforming a 

35 Another aspect of the instant invention^ " w ^ a J^™^ coding for a selected 
plant, comprising a nucleic acid promoter * *° m ^ n ^^^^ m r ^ gion such that 

gene product operably linked to said promoter **Z%^Z£%£ Eased expression of said 
exposure of said transformed plant to a compound of Formula I "£2i9d * product s are 
DNA sequence for a selected gene P^J^^^^^ L^t^U^ 
<o those encoding for ^-glucuronidase, genes ■"M**!"** 1 * insect resistance, genes 

synthase and 'Hwlpyju*^^ genes encod . 

encoding protease inhibitors, genes boS ynthetic enzymes, genes encoding 

ing phytohormone biosynthetic enzymes, genes ^" B jJ*^'^^ g9 nes encoding giberellin 

sposessors. ^^nrmpd with a recombinant DNA construct of the 

Yet another aspect of the invention involves [^^°^ Q ^^^ a wx causes increased 
50 invention such that exposure of said transgenic plart ^ c ^ nd ^ inked 3' to said promoter 
expression of a DNA sequence cod*g f„ a ^ of the invention, 

fragment The seeds of such transgen.c plants are aw increase d expression of a selected gene 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Rgure 3 depicts the creation of plasmids pJ E481-l(Nco .) and pJE484-62(Xba .) from the 21.14 corn 
98ne - Rgure 4 shows subc.oning of the 2-2 gene designated 2-2 #4 and the nucieotide sequence of the 
10 Pmm °^^s^Z^6e sequence of the 5-2 gene promoter from the gene designated as 

52 ' 411 F.gure 6 depicts the creation of plasmid PMC75.J5 from the 5-2 corn gene. 

Rgure 7 shows the nucleotide sequence of the 218 Igene promo e^ 1 
Rgure 8 shows the nucleotide sequence and transcnption start sue ot otb p 
promoter from the gene designated as P6.1 • 

Rgure 9 depicts the creation of plasmid P614 and P654. 
Rgure 10 depicts the creation of plasmid T217. 
Rgure 11 depicts the creation of plasmid pJE516. 
Raure 12 depicts the creation of plasmid pHPH220. „___.„ 
Figure 13 depicts the creation of plasmids pTDS130 and PTOS133. 
Rgure 14 depicts the creation of plasmid pTDS134. 

25 deletions made in the promoter. Mr71 - M 

Figure 17 depicts the creation of plasmid pMC7l5.83. 

Rgure 18 depicts the creation of plasmid pMC71 13. 

Figure 19 depicts the creation of plasmids P655, P657 and P658. 

Figure 20 depicts the creation of plasmid P660. 
30 Figure 21 shows the nucleotide sequence of the 443 promoter. 

Figure 22 shows the nucleotide sequence of the 463 promoter. 

Rgure 23 shows the nucleotide sequence of the 478 promoter. 

Rgure 24 shows the nucleotide sequence of the 420 promoter. 
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^S^SMSSrS^n analysis that demonstrates N -(aminocarbony.)-2- 

ch.orobenzenesuHonam.de induction of the P6.1 ^^g^S^ 
Rgure 27 depicts the creation of plasm.ds P656 P661. P662 and Petw. 
Rgure 28 depicts the creation of plasmid pJE51 8 and pJE5l9. 

DETAILED DESCRIPTION OF THE INVENTION 

The present inven«on provides DNA ^^^e^TelSm^SS SS 2 
DNA sequence coding for selected gene P-^t^jTlESi. «T53S from genes of corn, 
transgenic plants. The promoter fragment descntod in ^'Zntm of substituted benzene 

-SyS a^a^T^ »*t of * e 9ene product is 

3SttZtt££*~ P'-t ■* a ™d = ^"m the roots of plants treated 
To accomplish the invention, cDNA libraries were, ££^££23* ~ "mpound of formuia 1 
hydroponically with me chemica. "-<™^^ a strategy designed to 

wherein X is H. Y is a and F ^^^JSjSw.m rise foUowing treatment with this 
identify clones representing mRNA spec.es wnose ^ y ^ to isolate the gen e(s) 

compound. These cDNAS were then charartenz^ and us^ as hy^r a,^ £ of the nucleotid 

encoding the induced RNAs from appropnate libraries of plant genomic _ u emitted identification of 

sequences derived for the cDNAS and their ^^^J?!^ each gen^. The DNA fragments 
pu ?ative promoter, structural gene, and 3 downstream regions for {Q forelgn coding 

^^-S— — *■ po,yadeny,a - 
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(transcription activators) from any source such as the enhancer-like eiemenx irom 
m0 tisTe^Strany tC 3' downstream region capabie of providing a polyadenylation signal and other 

from a heterologous gene encoding the same protem in another speaes. the 3 end from ^v ^ g 

as the 3' end of the 35S or the 19S end sequences 

constructions are based upon either the ass.gnment of the^ A .^^^J^m-Sw asdgnmert of 

,n the context of this disclosure, a numbe jMjmi ^J^^ ^ t0 ^ coding 

"promoter" and ^^J^JT^^STZ^ ^n? region by providing the 
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yribonucleic acid (DMA) is the genetic «Me ^"^wlew M.d (RNA) ^ ^ ^ ^ 

nucleotide bases capable of incorporation into DMA or hna transcript. "Suitable 

a selected gene product" refers to a DNA sequence **^^ a k ^ up ^U m (5). within, and/or 
regulatory sequence", as used herein, refers to . ^ucleotide ^f^TSSS and expression is 
downstream (3) to a DNA sequence ^^^Tp^Tbtosynthetlc apparatus of 

controlled by the regulatory sequence, potentially » «^^' catalyzed transcription 

the cell. "RNA transcript" refers to the product «sult.ngfrom ^fJJJ^J?^ DNA sequence and 
of a DNA sequence. The RNA transcript may be a deSed L posttranscriptiona. 

is referred to as the primary transcript or * ma ^ " ™J*^^ "Regulation" and "regulate" refer 
processing of the primary transcript and .s referred I to as ' * e "^^ Scated primarily, but not 

to the modulation of gene expression induced by DNA ^"^^^^ ^ n an a .l or none 
exclusively upstream of (5 to) the transcription start* a -Responsive" and 
response to a stimulation, or it may resu« nr, ^^ ,n **^ n ^ulated promoter or gene 
-response", as used herein, refer to the change " ^xP r ^ s l°" "J" ° Qene 9 refers to that portion of a 
following the application of an environmental st.™lusjhe term s^uctural gene ,wm ms ^ ^ 
gene encoding a protein, polypeptide, or a portion ^eof^and c *„ or it may be one 

drive the initiation of transcription. A structural gene may be ^one normaMy ^found m me neterologous 
not normally found in a cellular location wherein it -s 'n^ced^ in ^^kwnlo the art. including a 
gene. A heterologous gene may be derived m whole or r part from g^^J^JJJ synthesized DNA. 
bacteria, genome or episome. eukaryotic nuclear or plasmid DNA cDNA o chern c y y ^ 
The structural gene may constitute an uninterrupted ^'"9 region or '* ma ^ »"^ te of segments deri ved 
bounded by appropriate splice junctions. The structural gene . nay bo aj c °™?°sn e o ,« 
from differed sources, naturally occurring or syndetic ^^^^ZJ^^i^ * 
that portion of a gene comprising a DNA segment exdudi ng the 5 ^ence wh ch 
transcription and the structural portion of ft. 9 e " e J** ^ signal is 

regulatory signals capable of affecting mRNA processing or gene xne p y, y m RNA 

usually characterized by affecting the addition ^^TthTo^e^ homology to the canonical 
precursor. Polyadenylation signals are commonly ^^ognized by the pr esence o ™™ 9 V construct - refers 
form 5-AATAAA-3'. although variations are not uncom ™ n ^ or circular, of 

to a plasmid. virus, autonomously replication ^^^^^^T^umber of nucleotide 
a singer double-stranded DNA or ^ ' ^ e "^^ ^P^" ^^^"^gp which Us capable of introducing a 

cell culture. A "monocotyledonous plant" ^^^0^0^^ to a plant whose seeds have 
oMhlTeTnbryo that stores and absorbs food. A "*~^onou^ 1^ waH or Sctracellular matrix. As used 
two cotyledons. A "protopiast" refers to a ^^^M^»^P«^^ encoded on a 

46 herein, "transformation" means processes by whK* .^sferring" refers to methods to 

nucleic acid molecule that has been transferred to the cellrtiss ue/ptent ^"JJ" m various pnysical 
transfer DNA into cells including microinjection or ^ 
(e.g.. electroporation) or chemical (e.g.. polyethylene glycol. ^> "^JJL coning said protoplast 
of" a protoplast or a plant to a chemical substance refers to_ ^* n ^^ f STot SLo fragment of 

so or plant with the substance. The term "operably linked J£ functional RNA. As used herein, the 

DNA in a proper orientation and of two nucleic acid 

term "homologous to" refers to the similanty ^^"J"® """!: u|es estimates of such homology are 
molecules or between the ^ 0 , stringency as is well 

provided by the use of either DNA-DNA or dna wn nyor o Hybridization. 

56 understood to those skilled in the art [as described . | Hemes and ^ nude y ic aclds or 

I XL Press. Oxford. UK]; or by the companson of J 9 ^" 8 .^^'^ mdelles which requir less 

sss i£.rjrtsr-s kssl. . be _ s . eaC h 
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sequences involved in regulating transcnptoon o a 9ene. Thus me nuc. «c acw p 
Harbor Laboratory. Cold Spring Harbor. N. Y.. 1982). 



Enzymatic Treatments of DNA 
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Restriction Enzyme Digestions 

The restric«on enzyme diges«on buffers and ^^^^^^ZToSiZ 
manufacturer of each particular enzyme. Enzyme w ^fded to gwe 5 nw^mg The 
the reaction mixture was adjured to the ^""^^o^ ^asSd DNA. The reaction 
restriction enzyme reaction mixtures used routinel y < ^^^[^^°I eta)ute for up to 2 hours, 
mixtures were mixed and then generally incubated '^^^ and temperature 
Digestion of DNA with muitiple enzymes ™f™T^Ttol^MoTZ^ sufficientiy different. 



40 



45 



50 



55 



Gel Electrophoresis of DNA 
"per poiyacryiamTde ge, 

Bethesda Research Laboratones. G ^^;J^l^ s ^^o /o acryla mide and 0.2% bis-acrylamide 
"padding 55 « of N.N.N .N -tetramethy. 

ge. moid. One mm comb and spacers were commonly ^^^St^JS^S^ the ge. 
loaded per we... Electrophoresis was earned out at 150 - 250 1 vo s in i ai visua ii z ed on an 

was stained in an aqueous ; so.ut.on of ^Z^Z usL ^o^ Snera aTpoXd 667 fi.m 
ultraviolet transilluminator. The gel was photographed using a roiarow 

(Polaroid Tech. Photo. Cambridge. MA 02139). desired band visualized by ethidium 

DNA was recovered from polyacrylamide gels as ^'^^orf^STar^n^ with a teflon pestle, 
bromide (EtBr) staining, was cut from the gel. p aced " " ^f^^^ Si «• «• was 
An equal volume of a 0.5 M ammon.um ac etate. 1 ^.^^'^^^ cen trifuged at 14.000 x 
incubated at 37* C overnight with vigorous shak.ng ^J^^^S^ volum of elution 
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T5 



20 



pooled suparnatants were passed over a smal, giass woo, ^umn to ^ P ^TZ 

buffer of choice depending on the nature of the next manipulation, described 
Agarose gei electrophoresis of DNA was performed ml Wo agarose gels^sms I me on 
above for polyacrylamide gels. Electrophoresis was conducted at J^^J^JT^ gel was st aTned 

the and pUraph8d as 



with 

" ^^0^ recovered fro. agarose gels using jojj , ternpera^e agarose Sea Jjjjj 
Agarose from FMC Coloration. 

procedure was stated above. After visualization of the DNA. of thawed. The agarose 

a microcentrifuge tube. The tube was then frozen a -80 C ^^' nu * 8 ^ B ^ m an TL-100 table-top 
was then smashed with a pestle and *°™™ p[ °™^e™£ from S S without disturbing 
ultracentrifuge at 25.000 rpm for 30 minutes. The ^^^^^Z addition of 1/10 vo.ume 
the agarose peilet at the bottom of the tube. The sample JJ^bTff^mln^ incubation at -80* C. 
of 3 M sodium acetate pH 6.0 and 2 volumes of ethanol to by a 1 J 30 . DNA peilet was then 

The DNA was recovered by centrifugation m a microfuge for 15 minutes at 4 c. ineu P 
washed with 70% ethanol, dried under vacuum and resuspended in TE buffer. 



Plasmid Isolation and Purification 
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A 25 m. overnight culture (or exponential growing culture) of he l^jM TtSZ 
plasmid was prepared. Two ml of the overnight culture was diluted into 1Jter ^£ 
Ascribed in Molecular Coning: A Laboratory Manual ^iats T. e ^.^P^ rous shaking using 
Cold Spring Harbor. NY) and incubated for 16 hours ^T^J^JLS^ 4M0xg [5500 rpm] in a 
appropriate antibiotic se.ection.The bacteria Z^lLe of 36 ml of 

GSA rotor] for 5 min at 4 C The peHets ^jfifXSfiZfZ* ™' <* 40 m 9 /ml 

potassium acetate in 2 M acetic acid were added. a ^ m ^:^7 nilnutes and the supernatant 

before. The nucleic acid pellet was dissolved in 3.85 ml of TE pH 8. i JJJT™ " ^ (EtBr) was ^ded to 
CsC. were added to the solution. After dissolution of Cs Cl -^ m ^^ 1 ^^^^ banded by 
the soiution from a 10 mg/ml stock <^ en ^^^^^^^ contaJned 
centrifugation at 65.000 rpm for at least 15 hr in a Beckman ^JJ^J ™ ^ J^, did absorb the 
three bands. The lowest band absorbed no ethidium br om.de white tf ^J* Jhe 
dye. The less dense top band which corresponds ^omos^ma. DNA often^ ^ ^y ^ 
plasmid band, which was the lower of the two EtBr d drawing ^e DNA out of the 

puncturing the side of the tube below the a ^^J^^^Vpropanol. This was 

tube. The EtBr was removed by repeate ' e ^f£ n 0 ° ^EDTA^ndTlO ml of 5 M Nad to 80 ml of 2- 
made by adding 10 ml of 50 mM TRIS-HCI pH W>. ' "J" 80 and precipitated with 2 volumes of 

propanol. The extracted plasmid DNA ^^^^ L 10 ^0 9 ^rTLutes, resuspend in TE 
ethanol at -20* C. The DNA was recovered by centi^gation at_ 9^ re suspend in TE buffer and 
buffer and re-precipitated with sodium acetate and ethanol. The DMA was resuspe 
stored at -20* C. 

Biological Material Deposits 

The following cel. lines and plasmids. as described herein, have been deposited with the American 
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Type Culture Collection. 12301 ParWawn Drive. Rcckville. Maryland 20852. and have been given the 
following ATCC accession designations: 



10 



ITEM 


DATE 


ATCC 
ACCESSION 


plasmid pln2-2-3 in E. coli strain HB101 
plasmid pln5-2.32 in E. coli strain HB101 
plasmid pln2-1.12A inE. coli strain HB101 
plasmid pMSP'K in E. coli strain HB101 
plasmid T2.1 in E. coli JM83 
plasmid P6.1 in E. coli JM83 
plasmid pJJ3431 in E. coli JM83 


9/27/88 
9/27/88 
9/27/88 
6/08/88 
10/11/88 
10/11/88 
2/03/89 


67803 
67804 
67805 
67723 
67822 
67823 
67884 



75 



20 



25 



may be derived. All such modifications are intended to fall within the scope of the appended claims. 



EXAMPLE 1 



30 



identification, isolation and ^dificagon of the Promoter and j Downstream Regions of the HA4 Corn 2A 



Gene 



35 Growth and Chemical Treatment of Plants 

to 0.5X Hoagland's) so that the roots extended *™9h » emesh. and ™JJ diffusing stone 
- apparatus was aerated by introducing humidmeda,r a l^fitting sLt of 

commonly used in tropical fnh ^ uwom ^^,^^* n X.?y bo* fluorescent and incandescent 
aluminum foil and placed in a reach-.n growth ^^afi^ humidity using a 16 hour 

.amps at an intensity of 4400 lux. Seedlings were grown £S » C. TO% Wrty g 

day/8 hour night cycle. After two days the fad was ^^^J^fSJ tenth day. plants 

Kffer^^S 

allowed to grow for ^J*^ by removing the wire mesh from the beakers 

i^slst a sss2 ass ;n rss si . wa s to r UP » one 
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year before use. 

Isolation of Total Cellular RNA From Root Tissue 



7 



5 



disposable 0.2 ,m sterile filtration units. The guanidine thiocyanate reagent was stored at 4 C .n the dark 

until used. . r freezer and transferred to liquid nitrogen. 

Frozen root tissue samples were removed from the -80 C freezer ana ft t had 

Once cooled to liquid N 2 temperature. 10-I5g of tissue was transferred to a ™^J^*°™ Q ™ was 

gradient was centrifuged at 35.000 rpm for 15 -20 hr at 10 C usinga ^J 0 ™^ 1 ^^ ^ s were 

vortexed briefly. The resulting emulsion was centnfuged tf ; S.OOOg ^ 5 min^at 20 C or at g p 
clinical table-top centrifuge for 10 minutes. The aqueous layer was *T^^ a ^Mhe to aqueous 
centrifuge tube, the organic phase .^J^^^aTleL S Sume of\o M 

layers were pooled. RNA was precprtated at JO C for a _least 2 "M-waa g ^ 1Q 0QQ ^ 

this dilution was measured to determine RNA concentration. 
Isolation of poly(A)* RNA 

Po.y (A)* RNA was purified from 5 mg of total cel.ular RNA ^^ 0 ^^Z^^^^ 
SephadlxV A., buffers were sterilized by ^autoclaving pnor to use^ ™^nVo^% S T^RNA was 
Jml with .ow salt poly-U buffer (20 mM Tns-CI. pH ^' ^ M ^g Tice )or 5 minutes. Nad was 
denatured by heating at 65 C for 5 minutes flowed by nprt ^ keted column (Bio _ 

coHimn and th temperature was mrsed to 60 C. n * 1 ^,.""J^ < L m eMe<) „,,„,««, „ 0.5 ml fractions. 



17 



EP 0 388 186 A1 



-80 # C. 
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Construction of cDNA Libraries 

cDNA was synthesized from 5 ug ^^^T^^T^^^' 
RNA using a cDNA synthesis kit (Amersham Corporation, CAT # RPN ^™ ™ c£JNA ^^ed 
.ended protoco. was strand' synthesis 

4* C. The DNA pellet was briefly dried under vacuum and d.ssolved ,n HfeO. 250 uCI of m 

mg/m. BSA, 3.5 mM MnC« 2 and 135 i mM potass.um ^^^J^Sr^^^^^ 

amass 

microfuge tube placed in the bottom o 15 mM corex* «™J"B was added ^ the 

between each rinse. DNA samples were loeded onto the column in ej »*me oto.i mi in 

«. column wee cenelfug^. in e *cepped mtaoluge .tube as ™ "^/Tresiduee 

10 mM Tris-HCI. pH 7.8, and 1 mM EDTA n volume was then tuned off and the 
annealed by first heating it to 70 C for 10 mmutes m a water bath J^e b ath w^ then tu 

sirs s snr a M^Sffita'J: 

resuspeneded in 0.5 ml of 0.1 M CaCfe stored on with aliquots of 
aliquots of these competent cells were placed ,nto stenle 4 ice for 15 minutes. The 

12.5 ug/ml tetracycline (tet). Plates were then incubated at 37 C overnight. 



50 



55 



Isolation of 2-1 cDNA clones 



" Antibiotic resistant colonies rosing from the transformation were picked and ^^.^^ 
agar plates containing 12.5 ogftnl tet. Coionies were grown •»•£«"»* ^SS^oSSq 12.5 



to as the master filters of the cDNA library. 
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Two rep,ca nitrocellulose fitters were mad ^rriT^raSt 
fiiters were first prewetted as above. >ndiv.dual wetted filters were £en tod o ^ tf b(jtween 

pair of filters were placed between seve al shea * l^™^^^ from maS ter filter to the 
two glass plates that were then were pressed tocher to transfer b This proces s was 

asEX ^ssrs ir^r^ were ^ to « -~ 

^Sailers were grown at 37'C unfi, colonies ^"JiSSSn 
transferred onto LB plates containing 200 ug/m. d**™ 1 ""^^ SS o *e filters in sito. To 

37' C. The next morning, bacteria on the fitters werejysed and W DMA was M ^fTutiTin a 

lyse bacteria, filters were removed from the agar plates and I placed a*™* * 0 * *> s R|ters were 

giass tray containing 3 sheets of Whatman 3MM paper jM had b ^ a ^ d M W * ™ with 0 .5 N 

Ln transferred for 5 minutes to a ^\^^^ 3 ^^r S a^ with 1 M Tris-HC. pH 7.5. 
NaOH. 1.5 M NaCI. followed by transfer to a W™*™"? oTan^edat 70* C for 2 hours in vacuo. 
1.5 M NaCI for 6 minutes. The filters were air Jg^J^iS ^ clones representing mRNATwhose 
Replica copies of the cDNA library were differently sc eenec ' ™ °"° J T accomplish this, one 
abundance rise following i^-minc-bjrv^ probe made by reverse 

replica of each master filter was hybridized with a "P^*? ""J" fitter was hybridized with a 32p 

transcribing poly(A)* RNA from untreated corn *J S RNA fr^ N-taminocarbony.)-^ 

single-stranded cDNA probe ^^^ < ^^ n Z^6 \ro m 5 ug of each po.y(A)* RNA by 
chlorobenzenesulfonamide-treated corn ^f^J^^JJJJJ synthesis kit. First strand reactions were 
performing first strand cDNA synthesis using the ^ersh am JJ^gJJ fine, concentration of 0.4 M to 
terminated by addition of EDTA to 20 mM. and then NaOH Jf? J° ' & c m pH of the cONA 

hydrolyze RNA. After RNA hydrolysis had ^^^L^^Zelpp^ to a 1 cm X 10 cm 
solution was adjusted to neutrality with ™rt*^^£^££a, 20 mM NaCI. 0.2% SDS. 
Sephadex® G-100 column that was equilib rated ^pjnM T « s HC ^J- precipitat ed. Labeled 
RaSioactive materia, eluting in the void I volume^ was ported and the Dm was e jp ^ ^ ^ 
DNA was collected by centrifugation at 4,000g , for ^20 m, ^ tes J 4 ^ inc ; rpora ted into the prob^ was 
the DNA was resuspended in a small volume ^J^^^^uZgS ml ofscintillatlon fluid. 
30 determined by counting a 1 *l aliqout .n a liquid sci nWlat0 "°°"^^^ one copy of the cDNA 

Replica filters were divided into two sets of .Iters M"*"*^ colony sides facing 
library. Pairs of fitters from each set were plac^ in ^If 8 ^ and incubated overnight at 65'C in 
outward. Each bag was filled with 70 ml of l«Mn 0 . 015 M trisodium citrate, 

a water bath. Hybridization buffer consists of 6X sso o* sou m ■ polyvinyl pyrrolidine. 

replacing it with 30 ml of *vM«^*^ 

purified from corn root tissue wh,ch had I been treated wrth Nja y ^ Qf the |jbrary was 

for six hours in the hydropomc system. The filter ' J™" J , (A) * RNA is0 iated from roots 

hyb „dized in the -me manner with 5 X 0^ cpm^ ' «^^^^jL num of 48 hours. Rtters 
of plants that had not been treated. The fl j£^ •^ 1 '?^ nulB8 at room temperature with 2X SSC. 1 
were then removed from the bags and "ashed £ce for 15 inmuM i ^ ^ Q1% SDS 

mM EDTA, 0.2% SDS and 1 mM sodium *fi&^™^JZ 0.1% SDS. Rtters were airbed 
for one hour, and once ^*,rty minxes at 65C *rth °* * * 36 hogrs using a sing , e Du Pont 

briefly and exposed to Kodak XAR-5 *' m * "®° s ° 0 . .1 SsTere developed using a Kodak automated 
Lightning Plus intensifying screen. Autoradiograms o ttujHter ^ ad e using RNA from 

film processor. Any colony paying ^S^SSS SnwTh the probe made using RNA from 
N-<aminocarbonyl)-2-chlorobenzen^ ana selected for further analysis, 

untreated RNA was deemed a positive clone inj M ^"tal ^ree positive clone and 

One colony from the different^ [^^^^TL 2-1 colony using a small scale 
was chosen for further analysis. Plasmid DNA was ' 5 , f LB medium containing the 

piasmid DNA isolation procedure. This was accomp^ bjimjuMj 5 m. ot^ with vigorous 

appropriate antibiotic (tet) with the f^^^ 0 ^^^ Z tube was centrifuged for 20 
shaking. 1.5 ml of the cultur was poured into^ a ^^yS piration leaving the bacterial pellet as dry 
Z^SSSSfc ??JS£ZEtt~ -* the above st ps were repeated. The 
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penet was responded .n 100 .. of an ^^J^Z^S^ SSlSSLr" 
TRIS-HCI, P H 8.0) p^Si oHysis buffer (0.2 N NaOH and 1% 

minutes at room temperature. 200 ml ot a ™«niy in w ert ina the tube rapidly two or three times. 

SDS) was added to the tube and the contents were *J of * an ice-cold solution of 
The tube was placed » I f^iJJSS acid and 28.5 ml of H 2 0 to 60 mi of 5 

potassium acetate pH 4.8 (made by adding 11.5 ml of glaciai_ ^" vl" , v several times. After 5 minutes 
M potassium acetate). The contents ware mixed by mverHng the tube JyJJJJ^Jnt was Uansfened 
on ice. the tube was centrifuged for 5 minutes ,n a m * & J2d h5h mixing. The resulting 

fonamide. and roots treatea witn w taminoc«u y , formaldehyde, 100 mM sodium 

valume of 80 ul with sterile water. Forty ul of denaturation buffer ^^J*™^. ' 65 - c for 20 _3o 

hybridization buffer (50% de.onized formam.de. 5X SSC, 100 _ ug/m <J nick translated 2-1 

racking shaker vnth 2X SSC. 1 raM Hm |«™ » ■ » sos ^ nMr was i^aiy 

SJSS FXZZ?<^£Z££ '« !SU — - — — 

film and a single Du Pont Lightning Plus intensifying «een- N . {a minocarbonyl-2- 

mRNA. Two and a haffug of po^ RNA ° ^ RNA (used 33 RNA 

chlorobenzenesulfonamide-treated corn roots ana micr ofuae tubes, evaporated to dryness 

molecuiar weight markers) were each P'*f^^^^ 5 mM 
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dH 6.8. 3 % formaldehyde. . . ith a ra2or blade and the 

P The lanes containing BMV molecular weighty &££E?m described by 
remainder of the gel was blottec He , a ny to [^^^^^JZ g ^ Inserted on a glass 
Thomas. P. S.. Proc. Natl. Mao. teWJ J7-52 MOM t^SOV ™ *^ ^ ^ 20X ssc . The giass 
Plate covered with two sheets «™™»" S w^ MX SSC such that the ends of the 3MM paper 
plate was place over the top of Tin the dish. A sheet of Zeta-Probe nylon 

extended over the edge of the glass P^ *nd jntoJ»X JJC ^™ jn water , then soa ked for 
membrane (Bio-Rad Laborator.es) was cut 0.5 cm , larger ^an the ge P snee t of 

The RNA molecular weight markers were ^J^^J^ m M Vmercaptoethano. for 2-3 
renewed by draining w^shaK^ i^ n^««™j. b ^p Wap^g 'the gefon an ultraviolet 
hours. The positions of the RNA markers were ^coraea y * " |otted against the log 

5S3S le^S^^ - used to esfimate the - of 

- ^sr:;sr: =~^ b D c r wsswi 

SSC. 5X Denhardfs, 100 «xg/ml boiied and sonicated calf ~. n P ea t-sea.ed bag. 

sodium phosphate pH 6.8 and 0.5% BSA) usirj. f>» , ^ b ^ | ^J^e pLnld pin 2-1 was nick- 
Prehybridization was carried out for 6 hours at 42 C with occasional ™*'"S- k CDm /ua of DNA. 

SL using a nick-translation kit as -"^^JJV^ 5X 
Prehydridization buffer was discarded a " d "P*^^ phosphate. P H 6.8) 

SSC. 100 ug/ml denatured calf thymus DNA. 20 *g/ml ^°^rl^ n °^J^^ r/ J^ of £| ter . 
30 Atoning 2°x 1* cpm/m. ol I donated "^anstoed^n JJ^^TJSJ Ze at room 
The blot was hybridized for 24 hours * « C 5 °^aT E DTA. 25 mM sodium phosphate. pH 
temperature for 10-15 minutes on a ^ker w ,th 2X J^^^Vo W ashed for 30 minutes each 
6.8. 1.5 mM sodium pyrophosph a to and 0 .5% SDS. ^^J*™™* in po . y ethylene food wrap and 
with 0.1X SSC and 0.5% SDS at 64 C. The filter was an ined J» us intensifying screen. 

35 exposed overnight to Kodak XAR-5 film at -80 C using a ^single Du P tort L gh tong 9t ^J MriL No 

The Northern blot «*u<ts were 8 S Irl^Szation sig'a. to an 850- 

hybridization was seen with untreated com roo l^^l^^emso^^e-tre^ RNA. 
900 nucleotide (nt) mRNA was seen with N-(aminocartDonyl) 2 cniori^en ^ witn Pst | and 

The size of the pin 2-1 cDNA insert was that pin 2-1 insert was 

subjecting the digestion products to agarose gel ele^phc^s^ resute JJ^Ji since Northern 
a single 450 bp Pst I fragment. The >J*?^J^*$£fl& ^as sufficLtly large to use 

boundaries of the structural and regulatory regioj of the 2-^ 

A new cDNA library was made from RNA »^2ta^S.^SSK of obtaining full length cDNA 
treated corn roots using a P^^^^* 6 S££ £ ug/m. ofW)' RNA. 50 
clones. First strand sythesis was performe d I in a 1 00 wi waraon « mM dtt ? g 

mMTris.HCI.pH 8.3 at 42 C. 45 mM K01. 0.5 imM IdATTV ^J^M^JSnM MgCl2t 4 mM sodium 
ug/m. oligo (dT)i2-18 400 un ^.acento ^onujease jnNJJi The reaction was incubated at 
pyrophosphate. 0.4 mC,/m [«*P1 dCTP m a ^J^J for 45 „; inutes . The single strand cDNA was 
SKSiWSS ^"enokchtooform (1:1 v,v) and chloroform followed by 

ethanol precipitation in the presence of ^ammonium acetate _ reaction containing 20 mM Tris- 

The second strand was synthesized from 1 ug of ^st sfrano < Tp Q , mCi/m , 

HOI. P H 7.5. 5 mM MgC, 10 mM ^^^J^^^^J^^ was incubated for 
t a32P] dCTP. 230 U/m. DNA polymerase £5 ^^^J^ reaction we re siz fractionated 
?.^x « 8 «n C £SS A m So-^ S column equilibrated and e.uted with 0.3 M sodium 
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acetate in TE pH ao. Fractions eluted from the column were collected and small ahquots of every second 
SSon were analyzed for cDNA size distribution by electrophoresis in a 1.2 % alkal.no agarose gel *P 
l^LTi Hmrm diQeSon fragments of pUC18. pBR322 and SV40 were run in the gel as s.ze markers. 

1 ^te DNA was fixed in'the ge. P b y soaking it in 15-/. TCA for 10-15 minutes. Excess 
Mould wts^noved from the gel by blotting to a stack of stacking weighted paper towels placed ove the 
a e rt 1 a Zrs and «Te gel was then wrapped in po.yethy.ene wrap and exposed to x-ray filnv Column 
fr!c«ons conig cDNA greater than 500 bp in length were poo.ed. ethanol precipitated tw,ce. and 

d ^App?ol 8 4ly f-lTug of cDNA was methylated at interna. EcoR. sites by incubating it in 25 mM Tris- 
HC. p^7 sTl EDT^ 9 2.5 mM DTT. 10 uM S-adenosy.methionine with 20 U <* » " "3££>£ 
mTc ogram if cDNA at 37' C for 30 minutes. The methylase was ; inacuvated by hea flng at 65 C for 10 
minutes and the DNA was extracted with phenolxhloroform (1:1) and precipitated wrth «JjwL 

ri linkers were were lioated to the cDNA by incubation of 2 ug of ds cDNA with 7.5 ug of 
phospho^S H^ n 66 ZXShCI pH 7.5, 5 mM MgC, 5 mM DTT, 1 mM ATP and 20 units of T4 
DNrLase (New England Biolabs. Inc., Beverly. MA 01915. CAT # 202). The reaction was "Abated 
™ m gK {?C. S products of the linker ligation reaction were digested to completion wi* 500 units of 
Eco RI for 4 hours at 37* C. The Eco RI digestion mixture was applied to a 1 X 10 cm B.o-Gel<s > A 50 m 
Sumn and eluted with 0.3 M sodium acetate in TE, pH 8.0 to separate the cDNA from ^cess liners and 
Sze fractionate the cDNA. Fractions were analyzed by alkaline agarose gel electrophoresis as ^scribed 
a£ve anc I fractions containing cDNA greater than 600 bp were poo.ed and ethano. P^P^ed The cDNA 
was resusoended in 100 ul of TE pH 8.0. The mass of cDNA was estimated by counting an aliquot of the 
ZSSSH the known specificactivity of "P dCTP used in the cDNA sysnthes |eacfion s ^ts o, 
the cDNA were then ligated to Eco RI digested and dephosphorylated lambda Xgt 11 arms Sfratagene. 
* 099 nJ* Tor^rPines Rd.. LaJolla, CA 92037, CAT #200211) using ligation conditions descnbed above 
Th^gaSpTo'cts were packaged with Gigapack Plus extracts (Sfratagene) 'o''°^9 ^ m-ufac^rer s 
recommended protocol. The titer of the resulting phage library was determmed us.ng E. col. Y1090 as a 



host. 



Screening of Xgt 11 Library 

A 1 5 ml aliquot of an exponentially growing culture of E. coli Y1090 grown in NZC brofr .were .diluted 
with 0 6 nTof SM buffer (0.01% gelatin. 50 mM Tris-HCI pH 7.5. 5.8 g/l NaCI. 2g/l MgSCU) and 2.1 ml of 10 
J MaCb 10 mM CaCI 2 and infected with 4 x10* pfu of the phage cDNA library for 15 minutes at 37 C. 
£S cu'ltt^ Twl^^xed with 10 m. of NZC broth containing 1 % agarose at 55 C^dspreac on 
DlS conteming NZC broth + 1.5 % bacto-agar in 150 mm petri dishes. Plates were .ncubated at 37 C 
o^mighttd then stored at 4* C. These plates were referred to as the master phage cDNA library 

Zfcrttz mm HAHY nitrocellulose filters (Millipore) were wetted in H a O, soaked briefly m l M NaCI 
and Wotted ^ on paper towels. Multiple p.ate lifts were made by placing wetted ni^losefi terpen top 
«fLrh chilled I masted Dlate of the phage cDNA library for 30 to 90 seconds. F.lters were keyed to the plate 
t^t^^^^ ^ J^ needle containing India ink through the filter and into the agar 
IS, ^iZfs were Then removed arS phage DNA was fixed to the filters using the same procedure 
oescribT l£ZZ fTfysK of bacterial colontes '"rhe fitters were then air-dried for ^0 minutes ar^ b^ed 
for 2 hours *70' C in vacuo. Pairs of filters were placed in heat-sealed bags with the plaque s.des Rented 
outwards and prehybTidiieTwith 6X SSC. 25 mM sodium phosphate pH 6.8. 1 mM EDTA. ^ SDS and 
luHSml shea ed and denatured calf thymus DNA for 6-7 hours at 65 C with oc*as.onaI m.x.ng. 

Pi^mid oln 2-1 was nick-translated as described above to a specific activity of 2.5 x 10* cpm/ug of 
DNA ^ P u P ified by ? P uT^n chromatography using Sephadex® G-50. P-hyb"dization buffer «es 
Iw^rZZe bags containing the replicas of the phage library ^ FiKefs^re 
buffer containing 1.5 x 10* cpm of denatured pin 2-1 probe per ml of hydridizatlon solution. FMers were 
nSiSS at 65* C overnight with occasional mixing. Filters were removed from the bags, washed titf.ce at 
nybndized at w» u ™ c gDS d Mce at 65 'c for 30 minutes with 0.1 X 

S? TT^^ -ZXTITS « ^StS- in xylene and <o 
SmSS * Phage to diffuse out of the plugs overnight at 4'C. Plaque purification was performed on 
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,00 W aliqodK of » **»««* ^"STTpItaS do***.,. HyWdUn, p«qo~ 

r ££, ass-t'iiss. - - isr- ■ »•» *— - - - < dna 

probe. 0 r-nisiA clones were made using the procedure in 

«. Hta-ltaS nuci8 DNA and Eco Rl digested X2-1.12 DNA were ligated together overrent at 16 C using 

-SSsi sir snt=r!iss« 

fragment from pin 2-1.12 ligated into pUC18. This plasm.d was called pln2-1.12A 



DNA Sequence Analysis of 2-1 cDNA Cjones 

was used to transfect E. coll JM iui ana ^iqu individual white plaques were analyzed until a 

was incubated a, 37 1 c will, vigorous *.W»8 »' 5 ^ u "^ m ' ^?on. ml M.age supomaton, waa 
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15 



-20 ' C The DNA. suitable for use as a sequencing template, was collected by centrifugation in a mlcrofug 

complete the sequencing of the pin 2-1 cDNA clone. cftrillAnce of the 2 -i mRNA. The pin 2-1 .12A 

The cDNA clone. 2-1.12A, was sequenced to complete the sequence of the zirwwi P Methods , n 
sequence was determined by the method of Maxam and GHbert ^SSlS 
Enzymology 65:499-512. 1980) with modifications described by Barker et aL . (Bark* et aL J n anr wo 
SSwSZaea 1983). DNA sequence analysis confirmed the identity of pin 2-1 and pin 2-1.12 since 
200 bp region common to both clones shared an identical nucleotide sequence. 



Isolation of 2-1 Genomic Clone 21.14 
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Plant material used for DNA isolation was obtained from greenhousegrown .plants of **J^J*?\ 

StS\ (100 S rnsJci pH 9.0 100 mM NaCI. 10 mM MgCI 2 . 0.5 M sucrose. 0.1% ^jc^OiMnok 
fj? dfetMthbclrbamic acid). Nuclei were pelleted from the slurry by centrifugation at 10.000 rprn fortwo 
a^rtesTa iSS GSA rotor. The supernatant was discarded and the pellet was re^spended in 3m. of 
buffer A. The nuclei were lysed by resuspending them in 20 ml of lysis buffer (100 mM I Tns-HO I pH 8 3 
?nn 1m N-n -50 mM Na,EDTA 1 5 % SDS. 15% phenol) and incubating the mixture at 55 C for 10 

zszssxssz;* - . - .--.-<-• r rj^nrssfs 

™ i«» for m minutes to orecioitate SDS. SDS-protein complexes and SDS-cell wall complexes. ™ 

orecState was cSed ^ by celfugation at 500 0 P rpm for 10 min. in a Sorva.l table-top 

suSm^t was Srred to a new tube, and the solution was extracted with an «^ ^""V* 

rhfnro^isoamvl^oohol (24:1 wV) after addition of 3 ml of 10 M ammonium acetate . DNA was then 

tSSSS^S^S an equal volume of isopropanol. collected by centrifugation and resuspended in 

30 ml So So.id cesium chloride was added using 0.9 g for each ml of solution anc ' *^ 

»hhZ to 300 uo/ml DNA was centrifuged at 45.000 rprn for 16 hours in a Beckman VTi50 rotor. Banded 

DNA w s ^oveCZtTgradiant by side puncturing the centrifuge tubes with a «W 

.JTwinn the band The DNA was diluted to 30 ml with 1 g/ml CsCI ( prepared by adding 100 g CsCI to 

™00 m. phIS sS banded once again following the same procedure. Ethidium bromide J removed 

from the DNA by repeated extractions with sodium chloride-saturated, water-saturated <sopr°panoL The 

!Z was then precipitated with isopropanol. Mo17 genomic DNA was collected by conjugation and 

reS TM d o17gen!m P " Sary was constructed as foHows: 100 micrograms <* f Mo17 DNA were digestec , with 
24 units of restriction enzyme Sau 3A in Cutsall (100 mM potass.um chlor.de. 20 mM Tre-HCI pH 7.5. 2 
mM ^captoethanol. 7mM magnesium chloride). On* .fifth oi ^ the ^^J^^^ 

wd,o jr^c^ 
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yeast extract. 10 g NaCI. 2.5 g MgSO* .THzO. * ^JS^'WtanM S were added to 200 ul of 10 
25.000 plaques per plate. To do this, phage (In a volume of toss than ^> 6 Bacto _ 

mM CaCI, 10 mM MgCI, ^^^SSTJtM 1 U and phag'e were ai.owed to adsorb to 
tryptone. 10 g yeast extract ^'^ ^^^ to 8 ml molten 0.8 % top agarose (10 g 

ZE£Z «SK a «SM.C^» i -a - c - poured onto ^ p,ates - 

After the top agarose hardened, plates were incubate Jj^ « ojwjg^ on surface 

Phage lifts were performed the next mom.ng by "ay'ng d ry "^"^"^ 3 ^ M paper ^ was 
of the plates for 5 minutes. Filters were ^VfilSS we eTansf erred to a sheet of 3MM 

saturated with 0.5 M Na J. 1.5 M NaCK After 5^ "-Jj*^"^ ^ f( , lers were t.ansferred to a 

5S of S taC Si^ilSi A minutes. The fitters were then baked at 80 C for two 
^SrTwTre prehybridized at 42' C for 4 hours , a 150 mm gj. cry = ing dosing 150 ml of 
prehybridization buffer (50% deionized <U% BSA). One ug of 

0.05% SDS. 0.05 M sodium phosphate PH. 0.1% °; * "JJ 7 ~ 10 mM MgSO*. 0.1 mM DTT. 50 

plasmid pin 2-1 was nick translated in 50 ul of 50 mM Jr.s-HCI pH 7 A 10 nwi iwg ^ 

m g,m. BSA. 10 uCi 32P *™<tf^J TEFSTSSS was'^d Riding 1 u. of 0.5M 
units DNA polymerase I (BMB) at 15 C for _ 1 hour. J™^™ 3Q , of 10 M ammon ium acetate. 10 ug 
EDTA. and DNA was then precipitated by add.ng_ 50 ul of water 30 u. ° ed .„ Q 5 ml 

yeast tRNA carrier and 350 ul o ethanol. The bam Stowed by quick cooling on ice. 

H 2 0. and denatured by heating for ^5 minutes *9 Z^dwJS* 42* C with nick-translated 
Prehybridization solution was discarded and the fitters were probed ovem'ghta 

pin 2-1 with hybridization buffer (50% M f 0 ff Bov °° f2£m albumin. 10% dextran 

DNA. 0.05% SDS. 0.02 M sodium phosphate 0.2 M Rcoll. 0 Oi% Jiovme _ 20 minutes in 1X 

sulfate) using 5 X 10* cpm per ml of buffer. The ne* t mm mm \^ £ s at „• C in a 
SSC. 0.5% SDS at room temperature and three times for 20 MM oawr wrapped in polyethylene 

siss si-.™ — *° ^ - ° f a pasteur 

Positive plaques were picked by taking plugs from the agar le 
pipette and placing them in 0.5 ml of SM. <f^^*£ 3 "X CaroS loTuMo 10 mMCaCI, 
392 as before and plated on 80 mm d ^ f^lC PuTfiLfion Z formed on each phage plaque 
10 mM MgCI 2 . and 100 ul of an overnight LE392 ^ m J™J"" ' pure plaques were obtained, 
as described earlier. The phage lin-tfck-P atng cycte tor isolation of DNA. 

Frfteen pure phage isolates, designated 21 1 to 21 . IS ^WQ» «" m i.q ^ Restocks 

Single pure plaques were removed from plates and eUated Unto 0 5 ml of s ™ ^ * ^ 37 - c 

were incubated with 50 ul of a two times concenWted »^ l£ (10 g Bacto-Tryptone. 5 

tor 15 minutes. The infected bactena weretten added to 20 ml of pre wjm^ ^. 9 Thfl 
g Bacto yeast extract. 5 g NaCI. 1 g 9'"cose. water to i irarj a f 1% d me , ysates 

cultures generally lysed after 4-7 hours. CMamtam. was ^^^^Sg^ at 10 .000 rpm for 
were shaken for an additional 10 minutes. Cellular debns was « w ™ 9 DNAse I and 

10 minutes in a Sorval. SS 34 rotonThe ^^^^^T^^ incubation at 37* C. 
RNAse A were added to 20 ug ml and 10 lijjnl respec «ve.y % «wr ^ t0 the lysate. After 

phage were precipitated by addition of a one fifth volume of 20 » ^^on 00Q for 15 minutes 
IB minutes at room temperature, the phage were collected by Jf*^"^*, El £ A . 70 u, of 10 % 

pellet was washed with 70% ethanol. dried and resuspended m 50 ul H 2 C 
Identification and Characterization of Genomic Clone 2JJ4 
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. ^ ..i nf 1* cutsall (or 1 5 x cutsall for Sal I) and analyzed by electrophoresis using 1% 
enzymes in ten ul of 1X cutsall (or i.d x ' d ^ candidate genes for 

'to aSl w2er and placed in a boiling water bath for 5 minutes. After, coohng on jcj. 10 ul of 10X 

(A. pUOli Of DBS-) wHh the oppfopfio.. MUX ono»n»*_ ™» °NM ^""^^ 
"^CoSToiod to ooqooooo oooolonoo gonon* Mptttt woo <o ofooto 0 nooW »« of IM- 

3nd b 1 2' * r^S^ Ar 3 S was t^nTxtracted with phenolxh.oroform (1:1 wV). 

.ncubated at room temperature tor ju ™™» Aliouots of the DNAs were then cut to 

precipitated with ettano. < and ""PJ*- ' " 1 ~ Si ^ e ^ ^erts. DNAs were extracted with 

overnight One third to one half of these hgations were used *r fransfect comment £ 
Transfected cells were plated in 3 ml 0.8% top agarose containing 10 ul 0.1 M IPTfc.. iuu u. * /» -g 
100 ul of an overnight culture f JM101 cells (grown in 2X YTJ. 32 P . lab eiied gel purified- 
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, « ho„r* a t 37- C and small scale plasmid preparations were performed. One ml of overnight 
grown for 5 hours at 37 o ana smaii «t»«o p ^ 7 pQ seconds The supernatant was pour d off 

Mo a ne« tub. and saved for later prepuce ol " ^ 

„so,perided In 0.35 ml of BPB <8% sucrose. 0.5% ™on: £ ^ «BPB> «aa added and the tube 
8.0). IMMy five ul el a ^^JSTL^eSl! Sf*» *» •« « 
was placed In a belling water be* to 40 ^^T^J^Zt L ether debris formed a gelalinoiiS 
room lemperatere In a microcentrifuge. ChromosomwDNAas ■ » „, 30 „, 3M 

pellet, and was removed with a sterile toothpick. Plasnud DNA '" S I?»"P""™™ ^ ^ Mot 
Llum arid 250 irt ^/J^^S^C* ericas 



mRNA 



Cloning and Mutagenesis of the Regulatory Regions of me 21^ 

search was begun for * e ^^^^ ° y „, 9 po Sition and homology to the consensus sequence 
rwfSJ co n m^ri£n 1 o 4 f STa.Ji genomic sequence to the open reading frame in the 2-1 
55 cDNA sequence. 



Construction of plasmids p484-1(Nco Q and p484-62 (ggl II) 
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Sto dlreefed mod*,..-* -as pdrtooned ^Xl^ZSlX 
the expression of e foreign cooing adduce r ^,*^* ^gStGCGOTACCQOOo' 
to ffeot the wesson of th. 2-1 go na An JT A^onlomespdndlng to ths son 
»as designed to introduce an Nco I restdction sue «. pJE «4-1 M tneAt_ u < !^ aA7 X raA( ^ Ait 3' > ^ 
0, to. 2-. pro*n coding repion 0. toe »wA-« to, 'gene '£2. i*s r»s. toe 

Inocuhde M . nd M. *"^JJ^1L»'J2S St S- — 
phage tor packeging of smgle-slraoded DMA. httr 10 PJ«J*J ^ «, e „ „,„«„,«) at 37" C 

SJITm NeCI. «tor 5 minutes, phage -ere collectod b> fd-M^n • "J"* ^STTmS 

tote wee incubated overnight et room temperature. The neat day. competent E o*« J " M J™ 8 
StsfeSed th. prdduota of this ligation reaction (aa described -*»» -J ^l»ng coEnS 

oigon^eotid? s'-TC^GATCTGACAAA-a' to create a new Bgl U site downstream of the translate stop s,te 
of the 2^1 protein. This new plasmid was designated P JE 484-62<Bgl II) (Figure 3). 

Identification of the Transcription Start Site of 21.14 Gene 

" Primer extension analysis was performed to determine the ^n^on st^ste of the 21.J4 gene 
using a method based on the procedure of McKnight [McKn.ght. S U < Sell 31 355 -36 » 1982] A sy 

recov red by centrifugation at 4 C. The pellet was d.ssolved m 9C I 111 erf TZ pH^ B *«»P p 
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w«h 200 mo, N-(aminocarbon^^ ^ f» SLJS 

HH17 primer, 2 u. of 5X annealing buffer (US M K«. 1°^^ ptf^ d by heating the 
^nucleoside complex (Bethesda JW>£ 0 a 2 & J?52 ^extension was performed 

mixture at 65* C for 3 m.nutes and cooling to » ^ojjrjZ^pw » ^ m rf ^ 

by adding 23*1 of PE mix (10 mM MgCI 2 . 5 mM ^^^^^^ transcriptase (10 U/Ul. 

S^SZTlSU- « *• C *- - ™* S« (described ,n 

minutes and base was neutralized with 2 M ammon.um a ^f«^/ e °J 0 , ^ e DNA was collected 

90-C for 5 minutes. Primer extension products and pnmjc ' dried 
whose length corresponded to a transcr.pt.on start s.te at base 532 of me 2tli g p «^ 
assigned as the major transcription start site. 



EXAMPLE 2 



5 



of the P™°tar and 3 Downstream Regions of tj^ 2^ Corn 2^ Gene 
Isolation and Characterization of 2-2 cDNA clones 

donee represent i*RN« "f^J^J^Z displaying Worker hybrtdieaSon «ill> the oONA probe 
r^een ^S£SL"2 SSSS! Td^boeUen**.. **- - - *— — ™° 
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15 



resistant colonies onto nitrocellulose as aescnoea nitrocellulose by laying a dry filter onto a 

master filters were prepaid by transferring colonies directly Mto nJrooj^^JJJ V 

number nf aonroes indudm, , the pla «ndj ^^*J^^" DNA c |Ls from the xg.11 

3SSS SSSSiS -~ - — - — «— *>•— 

to the mixed cDNA prote a,,,,^^ by performing small snale ptonW DMA preperanone 

This clone was designated pin 2-2-3. 



20 



Isolation of genomic cione 2-2 #4 
""^eTbrary of Mo17 genomic DNA used 

30 chosen for further analysis. 
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DNA Sequence Analysis of ln2-2-3 and 2-2 #4 clones 

(0.7 % agarose in NZC broth), spread over the surface o a 100 >»I«W C ove rnight on an 
rlXT.'lStl i - pS SiStt - OH*, ^stored at 

J^SES*. 5 this stoc* were fite red on E ^^^^^^ m , of an overnight 

A large scale preparation of genomic clone 2-2 #4 -DNA was performed Dv °' 9 d inocu | ating 

culture o? E. coll LE392 grown in NZC medk,m w, th 3 ml of 10 ^JJ^S™ * C for 15-2? 
the bacteril with 2 X iff P'aq«e forn^ng umte fefu) of M « ^^e w a?g?own at 37' C with vigorous 
minutes and then used to inoculate 500 ml of NZC at 37 C_ ™® » room temper ature on 

agitation until fl^^HU^ZTe added. Id t^uZ w£ allowed to stand at room 
ce. 1 mg each of DNAse I and RNAse « were .„ was n )ac ed on ice for 1 hour, 

temperature for 30 minutes. Solid NaCI was added to 1 M and the c u ture was Placed 
Debris was removed from the lysate by centnfugation at 11,000 I rpm « t4 - c 
Polyethylene glycol (PEG) 8000 was added to a final The 
Si. were coiiected * rotor and the 
phage were extracted with 15 ml of CHCb. l in h. Phaae were Durified by layering them on a 

upper phase containing ^^TSS?*™ SHSftJSSTE iSS A** over 6 

step gradient consisting of 6 ml of 5 M CsCI in twi ciu miw ir ■ h SW28 rotor for 2 hours at 

ml of 3 M CsCI in TM. The gradient was centnfuged at 22000 rpm *w volum of saturated 

4' C. Phage banding at the 3M^MCsC J^^JJ^ ^C^re X. ^uentJally overlaid 
ffr.TAWS SKM sufficient TM to . the c ntrifuge tube. The 

30 
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nradient was centrifuged as before and phage were recovered in the sam manner. Phage were dialyzed 

^J^e^^\£rW* for 1 ho!? at 55' d. phage DNA was extracted once with an ec.ua. 
llm/S ohSol oL wfth an equal volume of phenolrCHCb (1:1 v/v). and once with an equal volume of 
SET oXw^ pre^pteL by adding 80 ul of 3 M sodium acetate. pH 6.0 and 3.2 ml of ethanol and 
SatingTh, ZSX 5 minutes at room temperature. DNA was recovered by spool ng * onto a pasteur 
pipet. Spooled DNA was rinsed in 70 % ethanol and allowed to dissolve overnight by placing the p.pet .n 1 

m ' %Z ments of genomic clone 2-2 #4.were subdoned by partially digested 35 ug of 2-2 #4 DNA with 80 
nnitf^ Eco Rl at 37*C Time points of the digestion containing 8.5 ug of DNA were removed at ftmes 
from 7 5 to 45 minutes ofdigestion and ico Rl was Inactivating by heating each time point to 70 C 
TXZJs f£S aZo^of time points were analyzed by electrophoresis in a 0.8 »% agarose gel to 
Ste^eTe extent of digestion. Time points showing partial Eco Rl digestion products were .gated 
ovSht wV* pUC18 DNA that had been cut to completion with Eco Rl and ^ os ^f^^Z 
Sons were diluted with 4 volumes of water and aliquots of each diluted reaction were used to transform 
c^etenr E co,i H B101. Aliquots of the transformation mixture were spread on LB pfctes conteming 
^p£ln JdTTates were incubated overnight at 37* C. Plasmids from 

colonies were analyzed for inserts containing Eco Rl fragments d phage ^ SmSm 

preparations were done from subclones designated genomic 2-2 #2 2-2# 11. and _2 2#Z3 wnoee 

Inserts provide complete overlap of the region of the 2-2 #4 genom.c clone that contamed the 2-2 gene 

(R9 The 4 2quences of the cDNA clone In 2-2-3 and relevant portions of plas mid ge "^^Wone #2 #11 
#17 and #23 were determined by the method of Maxam and Gilbert (as described by Mr«lM 
Mol. Biol.. 2. 335-350). The sequences of the genomic subclones were ^^j^^Tg 
Seotide sequence of the 2-2 gene. Comparison of the nucleotide sequences of the 2-2-2 1 cDNA cone 
S7e 2-2 #4 genomic sequence showed that 2-2 #4 contained a complete copy of the 2-2-3 cDNA clone 

d ^Thfnu™e^n X r 0 f the 5 untranslated and promoter regions of the 2-2 #4 gene is shown in 
R Q u ™ 4B The functioning as the translation start codon for the 2-2 protein is contained wrthm an 
Nco I srte in the 2-2 #4 gene. Suitable promoter fragments useful for use in regulation the expres.on 
SSJ^D^i^ can be removed from this subclone ^- «N» ^"d 
removal of the promoter at any number of restriction sites 5 to that Nco I srte such as at Xho I to yield a 
1 9 kbo fragment. Later examples teach the use of such fragments. . . at . n 

A convenient Xho I site exists in genomic subclone 2-2 #11 nine nucleotides beyond the t^slaton 
stop coZ tor the 2-2 protein (Figure 4). Suitable downstream DNA fragments ^"<**f^^ 
egression of chimeric genes can be removed from this subclone by cleavage of that Xho I srte and 
removal of the downstream at any number of restriction sites 3 to that Xho I site such as Sal I to y.eld a 0.8 
kbp fragment or Cla I to yield a 1.7 kbp fragment 



Example 3 



Identification and Isolation of the Promoter and 3_ Downstream Regions of the 52,411 Com 5^ Gene 
Isolation and Characterization of 52 cDNA clones 



Details of the techniques used to perform Example 3 are presented in Example 1. The cDNA Jibrary 
made tram poly (A)+ fWA from the roots of N-(amin<x:arbonyl)-2-chloroben 2 enesulfonam t de-treated M.s- 
^ 17 plant d scribed in Example 1 was analyzed for additional cDNA clones representng N- 
Snocarbony Ja-chlorobenzenesutfonamide-induced mRNAs. The differential screening. ^^thod descried 
n^xamplV? was used to isolate a new colony that displayed stronger hybridization wrth the cDNA probe 
m^sC RN^from roots treated with N-(aminocarbony.)-2-ch.orobenzenesulfonamide. This colony was 



designated In 5-2. 
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2TJZ Iff S .23 i» ™. - **- 

^N^Ino4b«n»l|-2- C hl» ro be n »» Sul e«.a m lde.w.»d root*. The pla*n,d hytntart » a 
2.32, was chosen for further analysis. 



i 



Isolation of genomic clone 52.41 1 

library of Mo17 genomic DNA used to obtain genomic clones for the 2-1 message was serened 
with iEc Sated pin 5-2 as described in Example 1 to isolate genomic clones corresponding to , tine 5-2 
mtssaae ^ genomic clones were plaque purified from this library in this manner, ^e genomic 
Sonls 9 weTma PP ed by hybridization using a probe made from randomly primed cDNA J^STSl^S 
RNXfr^ V(aminocarbonyl)-2-chlorobenzenesutfonamide treated corn roots to ^ ^ £££ 
^ in \ •> rDNA as described in Example 1. The results of this analysis indicated that all six clones 
%^:£S^£S£ of homology to the randomly 

dasianated 52 411 was chosen for further analysis to detrmine its relationship to the In 5-2 cDNA. 

Genomic cJoni K4?T was digested to completion with Eco Rl and Sma I and the resulting fragments 
Genom.c clone 5^.41 1 was a.g r completion with the same two restnction 

end ^r«.2mid 1 o 9 JE n 490 was digested to completion with Sal I and the resulting fragments were ligated 
• J£ JTJuc I^TSc rSSTout to completion with the same restriction endonuclease. Following 
into the vector pUC 19 ttathati I been cw p ^ sma il scale plasmid preparations were 

sssr i&saaisi- j«. - to sss;^ s * ' fra9ment 

Hgated into pUC 19. This plasmid. called pJE 493. contains the 3 end of the 52.411 gene. 

DNA Sequence Analysis of In 5-2.32 and 52 J 4jl 

Th« sanuence of the cDNA clone pin 5-2.32 was determined using both the dideoxy chain termination 
meth^ Td Zam ^nd ^rt chemical sequencing. Maxam and Gilbert chemical 
Trfomned on pin 5-2.32 as described in earlier examples. For dide** sequencing * •PJ^JSLTtS 
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^ ^onetert e coli JM 101 Aliquots of the transfection mlxtur were 
t^sfbrmation mixture were ^used to "g^SJ^JdS ran dom.y chosen colorless plaques 
grown on 2XYT containing X-gal and IPTG. DNA was J"« p ~° seouenase Kit® (U.S. Biochemicals) 

used to perform the mutagenesis were descnbed in Example l. ine resun g h 
mutagenized 5-2 promoter was designated pMC 75.J5. and is shown in Figure 6. 



EXAMPLE 4 



25 



Identification, Isolation and Modification of corn 218 gene Promoter 
30 Isolation and Characterization of 218 cDNA clones 

to the 218 cDNA clone using ^^TTSZosZ^^d2)^R\ fragments of the appropriate size 
genomic DNA was digested wrth Eco Rl rather than Sau 3A >and 2) Eco ™JJ0 , xEMBL3 

were cloned in the vector xDash *a, : h- I bJJJ from this library. 

sep£^^^ 

that was very similar to and hybridized that hybridized with the218 cD^one. 

Plasmid pMC730 was digested to completion with Xho I and the tn y e ?fr?™™ to f tircyAarize the 
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side and was found to compare well with the cDNA for 190 bases at which point an i"tron June* on was 

Ss^nzyrne produces a ooheslv. and containing »« ATG Mart codon 01 tha 218 owe jjroduct mat la 
,s XleiXeSon with Smal to excise a 1 A kbp promoter/untranslated leader fragment. 



EXAMPLE 5 
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Gene 

Growth and Chemical Treatment of Plants 



S ^amTnac^nyl^htorobenzenesuHonamide. Root tissue was harvested after s,x hours of treatment. 



60 



Isolation of RNA 



Root tissue was harvested by slicing roots off just below the foam plugs. Tissue (2-5 g) was wrapped in 

transferred to a 50 ml polyethylene centrifuge tubes containing 10 ml NTES (0.01 M Tns hu pn if* u.i 
ST 1 mM !?DTA1% SDS) 10 ml water-saturated phenol, and 10 ml chloroform: isoamyl alcohol (24.1 

SS RNA concentrations were determined from the absorbance of the solutions at 260 nm. Yields of RNA 
from typical preparations were approximately 1 mg. 



Isolation of Poly(A) RNA 
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10 



Pniv/A^ RNA was purified from total RNA by oligo (dT) cellulose chromatography. 2.5 mg of RNA was 



column. 



Construction of cDNA Library 

" " Five ug of po.y(A)* RNA from "-(aminocar^ 

ethano. precipitated, collectedly cj^on ^ Isfng faction mixture 

65 C for 3 minutes and rap.dly chilled on ice. First strand cuna was p «*> a 
containing to u. RNA. 5 10X first strand buffer (0.5 M T£Wh ^ ug/ml 
DTT) s *. of a nucleogje mixfcre 1 Q ° reveree franscript e . 

oligo (dT), 2 - 18 . 5 til a-«P dCTP 2ul placental ™°™™» synthesized was calculated from the 

The reaction was incubated at 42 C for 1 hour The 'J^^ SS^dm^^ by heating in a 

subjected to electrophoresis in a 6 % irimMi ^J^Sl?3Sl*P was cut out and DNA 
Ul/ml) to visualize the cDNA in the gel. A slice of the , geh conteinmg ^^^NA was extracted with 

Approximately 1 million recombinants were obtained from such a procedure. 



20 



25 



30 



35 



40 



45 



50 



55 



Isolation of cDNA clone P6 
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aescnoea ror nrsi airaiiu j 32 PHjC TP (10 mCi/ml) were used in the reaction. 

column .^JiiS and 9 -fin 10 mM Tris-HC. pH 7.5. 1 mM EDTA. Fractions eluting ,n the vo,d volume 
were pooled, ethanol P^P^f"^^^ w SDS 4X gSC 5X Denhardt's solution. 50 mM 
H^nh^SDhate^DH WfS^C for Ttoure Tte^Son was^repteed with hybridization buffer 

were incubated for 24 nours ai « m« mmj ., n . rinn 1X SS c n 1% SDS for one addrtional 

with 2X SSC 0.1% SDS. A final wash was conducted at 50 C in 0.1 x b&u u.i a> ouo 

chlorobenzenesulfonamide-treated roots were deemed ^ *»" " £ d ToTm. 7S L 

BOuoTsM Nac. and transferred to a microfuge tube The phase -e ^ * ^.^by 
nol chloroform (11 v/v) and DNA was precipitated with 2 volumes of ethanol. DNA was coltectea dv 
:nSfl 0 Srand 1 di V sso.ved in 50 * TE pH 8.0. Five u. of ^^^^T^^ 
and resulting DNA fragments were analyzed by agarose gel electrophoresis. The results ot mis anaiy 
showed that the P6 cDNA clone contained a single 700 bp insert. 

showed mat tne subc , on ed from the phage vector xgt10 to the plasmid pUC1 19- Ten ug of 

P6 Sa wi d gestS to completion with Eco R» and digestion products were subjected to e^ophores,s 
"a D : rarest gel. A pieced the ge, « ^"J^ 3^1t^« 

piece of dialysis tubing containing 0.5 ml 1X T f/: 4 ; T ^'£ 7 ^!™taONA was removed 

from the bag. extracted wwn an ™* pUC119 was digested to completion with Eco 

a-d insert «». ntpw I. « "*»™* ^ J«2 J^TJSZ^ Uou-e Sere gn»n «»«ni 8 h. a 
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15 



,U. pH. so Mt. on* o. S . CnSTS Han 3MM. then . sack of 

Tric uri nH 80 01 M MqSOi, 10 mM DTT and 0.5 mg/ml BSA), 5 m u.o uwi a^ui; , 
J£££ SMSi cJmmoie). 1 m DMA pcymerasa 1 <5 I- ft**}** 

Hybridization was earned out at 42 C for 24 hours on shawng P' a ™ . m was wrapped 

<sir n 1% SDS at 42 C followed by two washes in 0.1 X SSC. 0.1 A!>Q5> at ou v,. i no ■««> 
SSC, D.i a t>ui> ax « ^ iomowom 1 intensifying screen . 

20 in polyethylene food wrap .and exposed to X-ray film "^V"™™^ from N . (a mlnocarbonly)-2- 

potentially a full-length cDNA clone. 

Sequence Analysis of the cDNA done P6.1 

The nucleotide sequence of clone P6 was determined by sequencing a 'f^^^^S^SZ 

were added and the mixture was incubated at 37 C. Al.quote of 2.5 »\ were ^moveo e ery 

nokchloroform (1:1 v/v). precipitated with ethanol and re^spe^ed m20 u ' ^^J^S^SlBrt DNA 
Tris-HC. P H 7.8. 25 mM NaCI. 10 mM MgCa. 20 mM DTT 1 mM ATP 0 ^^d^nS^g. c . Ten 
ligase and 2 units of Klenow fragment were added and the h ^J^uS celland aliquots of the 

u. of the ligation mixture was used to transform cw*" 2* ^^Jf 8 ^' c^lonfes from each 
transformation mixture were spread onto LB plates 'J^^Sm for sequencing that 

chain termination described in Example 1. 

Isolation of a genomic clone corresponding to P6 cDNA 

Twon7 0 ,an» « .MM «*• - "J^oTn^X^ 
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ml Buffer B (Buffer A centaurlng 0.4 * ™en X-'Wft?" " Jrf » c««rlf»»»or. was repeated at 2000 

wa* added to 0.5 mgM and the ^.fr~£*"*2, ^^^^tJZ^S, the 
cenwu9a.ee a. «.000 rent fer aojr « 15 Cm a £f^^^^2li «„ M DNA b, 

%Sfi22Z£ES?£Z ™ ™» «aa « «~ 5 

M, seven tubes labelled #2* and the remamde, «K >Ua i#9. "^^SStl (rem tub. «1 »ae 

IX co^on which yielded maximum '^^^^r ^^^^ 
determined after ethidium brom.de staining of the geL Half toe ^SSTyWd of DNA fragments in the 
chosen for the preparative digestion of genomic DNA in order to »^" ( " « 3A 

15-20 kbp size range. That enzyme concentration ranged between 0.06 and 0.25 units of Sau p *g 

DNA Three hundred ug of DNA was divided into 3 „ in ^ 1/2 ^ « Jj^j J**' 
and the concentration of DNA was adjusted to 67 _ug^ Sau3A ™^ « Qne na|f ^ 

concentration which was thought to maximize for 15-20 kb mojwute Tube * ^ 1 

concentration white tube #3 contained tw.ce as much ,Sat i 3A Ml reaction were c q 
hour. After stopping the digestion as above, aliquots ^^^^SnTrt 15-20 kbp fragments 
gel electrophoresis and the appropriate Jgeshons t ' l ^^r^iSS^ m NaC l. 20 mM Tris-HCi 
were pooled. The pooled sample was loaded onto a 1*40% sucrose 9^"J" rotor 
P H 8 and 5 mM EDTA and centoiugec I « t 26 ,000 ^pm tor 24 hours at 20 Cj «B. ^ by 
Fractions of 0.5 ml were collected from the g adient and is ui o ■ y ^ 

to the manufacturer's instructions using 2 fold molar excess ° f ve "°"° * t0 350 ul of an 

a probe. To do th.s, * e ' nse J^^'°7and the resulting DNA fragments were separated by agarose gel 
was digested to completion with Eco R1 ana we resulting u.n« y ^ ^ epua , vo | U me 

electrophoresis. The cDNA insert fragment was ^^^^^^ DNA was digested to 
of phenolxhloroform (1:1 v/v) and P re "P' tet ^™^ ethane.. Insert and 

completion with Eco Rl. with extracted phenohchloroform (1 1 v*> and preopiat 

vector were ligated together in a finaJ volume of 1 ul for 2 ^^J^fZ****** plated out on 
mixture was then used to transform competent ^^^^X^ IPTG P"° r to ^ * 
LB plates containing 75 g/ml ampicllin which had I >wn "pre* wito x-ga. ^ * d - ted with 

re.n was iinearized by digestion with Bam HI and a--P UTP labeHed RNA transcript was made from 
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P6.11 
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the plasmid using T3 polymerase fol.owing the ^^X^^Test^ 
,u.ose replicas of the petunia *™ mto ^™^J^^ '21215 th pill RNA probe at 2 
The prehybridizatlon solution was '^SlSVS^S!^^ 0 with gentle agitation. The filters were 
x 10 I cpm/mi. Hybridan w * ^perfonned H* * * ^ mx ^ Q1% at 

washed twice w.th 2X SSC. ° yV SDS * ~ !J " 24 hours using a sing ie intensifying screen. Three 



phage 1, 2 and 3. 



Characterization of genomic clones 

Phage were grown in ,,uid cuc.ture by ,nocu = g 300 -.of NZCYM ^™%22£ £ 
been previously adsorbed onto 1 ml of an ovemigh ^utur of |. g£ nera||y by 7 hours) . cellular debris 

, 6 grown at 87" C with shaking until complete lysis of b^tenar «»^SS ? MO** of both DNAse and 
was removed from the lysate by centrifugafton • «^ «Pjm M MM with ug^ ^ ^ ^ 
RNAse for 1 hour at room temperature. SoB f folium chlonde w? s a ™ cerrtrifugation in 

10% (w/v). The phage were allowed to in SM «» 0 75 9fam 

a Sorvall GSA rotor at 7000 rpm for 15 minutes The plW*te were ^e p 38 .ooO rpm 

20 cesium chloride was added per ml SM. <M^!T£ * STlSIl and dialyzed overnight at 

»nsM-?iTtss: rrr^r^ TE PH 8 - precipe - 

ethanol. This yielded approximately 250 ug of ptaJ»WJi electrophoresis 

the same region of petunia DNA. 3 (ound to hybridize to 

Two Eco R1 fragments of 0.6 kbp and 1.8 kbp ^ m T ^ll™°£^ re 3epalBSfXi bv a 5 kbp non- 
cDNA P6.1 in mapping experiments ^^^^^^^^^ thePB gene or the 
hybridizing Eco Rl fragments. This suggested *° 6 " DNA fragment. To address these 

existence of two genes homologous P6.1 on ^ « una J^*^ T ^g * pha g e 1 DNA were 
possibilities, the two Eco R1 fragments were subdonad J^£^ *^ S gel elecfrophoresis. The 
digested to completion with Eco R1 and the P^uctewere sedated ^^^^^ v/v) and 
1.8 and 0.6 kbp fragments were electrocuted from JJe gel. < S^WdWBd P UC119 DNA in a final 
precipitated with ethanol. Each f ragm^t was l,g ated MHEoo £«d*Q£*«P^ competent E_ coji 
volumes of 10 ul for 2 hours at 15 C. The ligations m ,«^^ ""J " containing 75 g/ml amp-clii* 
0M83 cell, Aliguots - ^.JJ^^^lS XSSXXSL JLi Preparations 
which had been spread w» x-gal andlPTO pnot to P»°"S rtio ^. s with Eco Rl- Subclones containing 
earn perfomted on whit, cotafcs and the "^^T^KSoe? » facilitate seooeeelng the 

""Si. DNAs - echoed 0, d^n |-^^52SE£ 
.adit exaotples. f«^^^^VSn^"Wd«« "lined a eiosei, ,.,«ed 
S. SSSSSi?-* ^p^Ww^d^d^enePd.. 
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Mapping the endpoints of Gene 1 

A pdmet e^oo an^a was peatowned — ^^L^l ^t^KES? 
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^ en V.rs 32d iitp 9 ni s X transcriotion buffer (200 mM Tns-HCI pn 7.o. mwi my viz. 

r^e^r.^^^^ 

(pBemld mW*™ »T> "J « " ^*,,SS*o«. compto*. 

Iranacnption buHer and 1 ul "T™'*' . ' M Tn _ HNA „„, p „dpitated ones wttti efnenol In the 
with an equal volume of pbeiK.hchloroform O.1vA '>-™° ™£ "»? ! 3^,. th, petet, were 

P^/rrt.T%r°T» u*T°™a C*^^ end f^amlrtoca,^- 

selectively drgeated by eddino 30 ul RNA» A » a R NAaeT to ^ ™Mout at 30 - C tor t hour end 
mM Tds-ffCI pH 7A 5 mM »TA. and 300 *M *tt O^aon ™J^£^ Km}mi ^ . „ 

^e^ ^e^^^ 

Lutea and analyzed on a denatodng, ££%££2 pUcdKscnptlonef atan 
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Construction of p614 

~ a 4.s Ms mm mm i <~-« *. *-<£ZttX« T l , £2 r-i "SS 

of the ligation mixture was used transformed competent t. coii _ « h tq . 

wWe plated out on LB plates containing 75 g/m. ampicillin wh.chha^een spread ^ MjdJJO pnor 
to plating of bacteria. Small scaie plasmid prearafons ^ P^ d ^' ^ H ind M l genomic 
digested with Hind III and Sal I until a colony was found that contained Jftj > 4.5 kt> mna c 9 
fragment containing the petunia P6.1 gene. This plasm,d was des,gnated P614. 



Construction of P6S4 



Convenient restriction sites were introduced into the .^^^^^t?!?! £ 
mutagenesis was performed on in^e an_ J^^^^EHlI? accomp.ish this 

was designated P654 (Figure 9). 
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EXAMPLE 6 



35 Isolation of the T2.1 Tobacco Gene 



Isolation of cDNA T2 
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same 1 kbp Eco Rl cDNA fragment was also cloned into the Eco Rl site of tne vecior po v 

resulting plasmid being designated T2.11. untreated and N-(aminocarbonyl)-2- 

that the RNA appeared smaller than the cDNA clone sugg sted that T2 may contain some annac 
^0^^ T2 C S was determined by ana,yzing a set of de,etions of T2 prepared as 
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Isolation of genomic clone T2.1 

A aenomic library was prepared from SRI tobacco as described in Example 4. A "P-RNA probe was 

#9 DN A purified from phage #9 was digested with the restriction enzymes Eco Rl. ^ *T ' "J 
£ ^wC^on'fragments were ^^^.^\^^ £E?i£t5£, 
lulose. The blot was then prehybridized and hybridized wrth «*<™^ ™ \££>fl fragment This 
experiment revealed that the cDNA probe hybridized to a unique M kbP Bam ^^^SioZ 
Bam HI/Eco Rl fragment, believed to contain a complete oopy o ^J^^J^^mM was 
vector PUC118 that had been digested to completion wrth Bam HI and Eco hl me resura y y 
^aiioH T9i7 fFiaure 10) The qene contained within phage #9 was designated i . 

PS 1 mRNA as a template. This indicates that the 5 untranslated leader in the T2.1 mRNA was 

It te annate 7£t those skilled in the art will be able to identify the promoter and downstr^m 
regulatory ^ regS of the T2 gene by following methods and procedures descnbed ,n Example 4. Later 
examples teach the use of such regulatory regions. 



EXAMPLE 7 
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Construction of Recombinant Genes Whose Expression are Controlled by M Com Promoter and £ 
Downstream Region 

Construction of plasmids pJE 514 and pJE 516 

Plasmids D484-KNC0 I) and p484-62 (Bgl II) from Example 1. which contained convenient restriction 

cod* re,** uod* ft. «1°*>*> - «"> " 

and the ligation products were used to transform competent E. coli JM83 cells. Small scale piasma 
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prepares were perform on transfer me, ~ .T-SK 
ST^S"!!? .^JSMTSS^S ana step sites. 1* con*— was 

5 -rX^ence chosen , . replace £ ^ — ^rAtt^S 
(referred te as QUS) [Jefferson R, Proc N*^' fcLU SA^ ^ ^ 

sequence was isolated from the plasmid pJJ » "AI* 3«c accession number 67884. and desenbed 
Nco l/Xba I fragment Is available in the P^-Pj* *J JSJSbTSTSi Example. To this end pJJ 3892 
in Example 9). and thus pJJ 3431 can be overhangs were blunted using the Klenow 

, 0 waS digested to common ^ ^^J^ZtSim Zre^on^^^^J^ 
fragment of DNA polymerase I as desenbed in earner ^ xamp "* Nco , and the resulting DNA 

S) and ethane, precipitation, the DNA -asd-gestedjo compieton with ^ corresponding to the 
fragments were separated by agarose gel e tec frophores s_ A J .9jmp had ^ digest ed to 

2-1 structural gene. This plasmid was des.gnated pJE 516 (F.gure 11). 
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Construction of plasmid pDuPE2 
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P1 asmid PJ E 516 was used as the starting rn*eria, to produce e J 
gene/2-i 3 ' downstream region fusion ^exp^on isregu iatedj y P £ 9^ ^ ^ 2g 
fragments. The deletion series was generated by > * ^ MgCla and t m M DTT in a final 

reaction endonuciease in 20 mM £ ° ™ d DNA was extracted with an aqua. 

SS 2 SllJM — ■ - — DNA was " by 

concentrations in the reaction were 20 mM Tns-HCI pH 8 12 mM 9 ^ Regearch ^bs) 

The Bal 31 digestion was carried out Recommended £y m er intervals (e.g. 0. 2.5 or 5 

using 2 units of Bal 31. This mixture was mcubated at 30 C » ^ m ^ pR ? Q ^ 

minSes). and the reaction ^^^^^^S^^ CHC ' 3 ' P reci P ttated 2 5 
was then extracted twice with 100 ul of phenol, i toice win rf drjed , n vacuo . 

Volumes of ethanol. Bai 31 digested DNA ^^f^^ZTuaa 10 mlHiCTBl P H 8. 10 mM 
The dry DNA pellet was dissolved in 100 ul of Sal butter ^lou . ^ reactlQn 

MgCh and 10 m M%-mercaptoethanol) and digested "J '* ^ ends of the DNA 

wa 9 s extracted with phenoUch.oroform (1:1 v/v) ^ «J™! ££72 Stows: DNA was dissoived in 60 
were rendered blunt using the Klenow tafMtd m D ^° , 7^^ rcaptoe thanol. 0.5 mM dNTPs and 
Z of 66 mM Tris-HCI pH 7.6. 6.6 mM MgCfe. 52 mM NaCI. ^ *m £ 2 M DNA was then 
10 units of Klenow. The reaction was incubated at "^JJJ™ ^ , was strained with 1 ug/ml 
fracfenated by electrophoresis in a 0.7% low melting agarose gel^ 9 de)etjon (engtn was 

Sum bromide solution, and a gel piece coining ££^j£ £ C for 20 minutes, thawed, 
excised from the gel under UV iMummation_ The ^ n ^ e ^ m S centrifuge . The aqueous solution was 
crushed with a pipette tip, and c^fuged for 30 routes in a m acetete ^ 2 5 volumes of 

transferred to a fresh tube. ^2S2S5 ~ntrifugation. dissolved in 20 ul of water and 

ethanol were added. The precip tated DNA a w f f^ ^ e Performed in 50 mM Tris-CI pH 7.8. 10 mM MgCfe. 

overnight at 37* C. . u d at 37* C with vigorous shaking in 2 ml of 

individual amp resistant colonies were performed on th bacteria and 
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construction of pJE 516. operabiy .inked to a 900 bp 2-1 promoter fragment (reiative to the transition start 
site of the 2-1 gene). 

5 Construction of plasmids pDoPI8 and pDuPI9 

followed by Bal 31 digestion at different time intervals ( rom 2-5 mm l The Bai ^ a ^ 

and the length of the 2-1 promoter fragment in each is shown in Table 1. 
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TABLE 1 



Construction 
Designation 


Promoter 
Length (bp) 


pDuPE2 
pDuPI8 
pDuPI9 


-900 
421 
226 



EXAMPLE 8 
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Construction of Re^mbinant Genes Whose Expression is Regujatgd by the 2g Corn Pjgmgter and Various 
3 Downstream Regions 
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Construction of plasmid pHPH201( + ) 

"oe^ic «**»» 2-2*4-17 (Ban** 2) J^"!"** S^TJXZ \S~— « 

of the dilution was us d to transform 60 ul of ~mpeterrt E. «Jj HB ^w^Katod overnight. Small 
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1 68 kbp Nco . promoter fragment ligated into P RAJ275 such that it was operably linked to the 5 end of 
GUS gene. This plasmid was called pHPH201(+). 

Construction of p2-2 Hind III 3^ end 

A construction conning the 3 end of the 2-2 ^Zllu^eT^ *JS^£S£ZZ 
genes whose expression is controlled by substtuted b^zenesu ^'^J^^ filled . in using the 
clone 2-2#4-11 (Rgure 4A) was digested to completion with JJ^J^JSj^. equal volumes of 
Klenow fragment of DNA polymerase I, and tttie DNA was ^S^Sd co^ected by centrifugation 
pheno.:ch.oroform (1, v/v) and chloroform. The >™J?J%%g^Z , andV . and the 
and redissolved in TE pH 8.0. The vector P^CIS was xo comp , , ^ DNA was 

resulting 3' overhangs were removed using the Wenow ^rSCed in TE pH 8.0 as 

extracted with phenolxh.oroform (1:1 Wv) ^^^J^^^^lg) ^ £en 1ig^6 
described above. The blunt-ended Hind Ih digestion P^^^^^^^ dilu ted to 50 ul 
with 0.45 ixg of the blunt-ended pUC 18 DNA overnight at 16 C. The ^hgatK>n ™^ g of 

with H 2 0. and 1 u. of the dilution was p,ates were incubated 

the transformation reaction were spread onto LB plate <cwrtan.ng 50 ug ? * the resulting 

overnight. Small scale plasmid preparations were perfonned on f^S^iSnad the 2.3 kbp Hind III 
DNAs were digested with Eco Rl and Bam HI untl a f^^*^* f S 2^UC18 This plasmid 
fragment of genomic subclone 2-2#11 blunt-ended into the Kpn I/Sac I sites or puu 
construction was called p2-2 Hind III 3 end. 

Construction of plasmid pHPH102 

Plasmids P 2-2 Hind ... 3 end and the vector pMSP'K (ATCC accessor ^^^fj^^ 
digested to completion with Eco Rl and "^^^ The 

diceked with Eco Rl and Hind III until one was found that contained ™° es "™™™„J* 0 H 
Strgrne on a 2.3 kbp Eco R.-Hind III fragment. The resulting plasmid was called pHPH102. 

Construction of plasmid pHPH 220 

Th «.« mi ri nHPH 102 was cut to completion with Xho I and the resulting 5 overhang was filled-in with 

m Exemple . and ».» ^ST- U£ Pef °> ^ 

« diluted to 60 Ul «» H,0 end 1 HI wasused MK I ™ S ^^^47 0 n2mi JB* speefstrap 
AlkM* of the tranefo-mMioo madura; r^£ L XSZ><i« P"*"""" " 
, and plates wore incubated overo«ht at!!C. ^V p ~ 3. UooHM m^, r, fragment from 

»««>--. «T Jf» ' ™ '"J 2 ^oS/^<^4it. taM opera* MM to the if-3 

pHPH 220 (Figure 12). 
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Construction of plasmid pin 2-2(3.9) 
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Two and a half u 9 of DMA from genomic clone 2-2 #4 (Example 2) was digested to expiation wi^Sal 

v fiai Plasmid DNA from individual white colonies was prepared and digested to completion w«r . o* 
the coding region of the 2-2 protein. This plasmid was designated pin 2-2(3.9). 



30 



Construction of pTDS130 

Twenty-five ag of pJE516 was digested to completion with Nco i and Xho I. The DNA fragments were 
plasmid pJE516. This clone was designated P TDS130 (Figure 13). 



35 



Construction of plasmid pTDSl33 

Plasmid DTDS130 was cut to completion with both Eco Rl and Xho I and the enzymes were ^ctivated 

oMontam Mlowd b, ettanol ,«*(»<«.«. «» ^SLdL told with mm, 

pTDS130. This plasmid was designated pTDS133 (Figure 13). 



Construction of plasmid pTDS134 and pTDS136 
55 Ten ug of pTDS133 DNA and 10 ug of the vector pBluescript SK(+) DNA were f^lSS'tS 
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70 



pBiuescript SK< + ) were ligated together at a 3 :1 • «2 S SJSLSS'S.'iJS S 

overnight at 16*0. The ^^,^^1?^ were made from individual 
transform 100 ul of compel nt E. ooh HB101J Small scale ptesmra PP Qne was identified 

amp resistant coionies and andyzed^y- J^jSJE £ 11 HI site of pB.uescript S/K< + ) in 
contained the 3.4 kbp Bam HI fragment from pTDS133 ctonea '"^^ to the Sma I site of the vector's 

construction was designated P TDS136. 



Construction of plasmld pTDS231 
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The plasmid pDHS1 was disclosed by Maciej Pietrzak et al. and 
Research, 14: 5857-5868 (1986). 



is described in Nucleic Acids 
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Research, 14: 5857-5868 (1986). ^ mn|(!<fl „ ^ wjth DOtn E co Rl and Pvu I for two hours 

Ten ug of pHPH201( + ) DNA was d.gested to polymerase I. Ten ug 
at 37' C. and the resulting 5 overhangs were ^ filed- n ^JTZlS^Z^ 5 and 3 overhangs were 
of PDH51 DNA was digested to completion wrth Pst and N^ ^^eLcted sequentially with 
blunted with Kienow fragment of ^^^'^°Z^^^>yeO^ precipitation. The 
equal volumes of phenol. phenoUchloroform (1: v/v) and Tdeptosphorylated. The pDH51 DNA 

blunt-ended pDH51 was then digested to rJi^SSaKJI^ m a «"S volume of 

(0.25 ug) was ligated overnight at 16 C with 0.75 ug o $Jf^£JXid five fold with water. A 2 ul 
10 ul. The ligation reaction was heated for 10 — -at 70 C ; and t MM^ A|jqu0ts Qf 

aliquot of the diluted ligation mixture was used amp and allowed to grow 

the transformation mixture were plated or , LB agar plates conta>nmg 50 ug colonies and 

^^^^^ 

(Figure 15). 

Construction of 2-2 promoter deletions of pTDSIgO 

Plasmid P TDS130 ^^™££SX£ZSS£ S P^a^S 

used to create the 2-2 J»«^7 ; s ~^£ZfSLm 2-2 promoter 

7. All deletions were subcloned into pBluesc ^ from tne deletions series 

fragments regulatng GUS expression (.ncreas.no Bal 31 in Table 2 with the length of 

generated above. The piasmid con^ons se,ected fo transition start site in each 

TABLE 2 



so 



55 



Construction 
Name 



P TDS133 

pTDS134 

pDuPM17 

P DuPN27 

P DuPN4 

pDuPN7 



Promoter 
Length (bp) 



465 
450 
248 
208 
150 
130 
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Tha dna seauence of the 2-2 promoter region with th locations of the start sites of each of th 
„o™l°wZ"Z£ L expression of GUS in the various constructs is g,ven ,n Figure 14. 

Construction of pDuPS22 

SSBBSBSS 

promoter fragments whose use is taught in this work. oA GS148 as the starting material (ATCC 

The construction pUC119/HRA was made using the plasmid pAGSi4B ™ m n Afi<*i4a was 

tSfTlne SurA gene »es excised by restriction endonuclesse digestion and used to replece tne 
T^SSrTKK S- evesneng, ™ , „ 

2-2 promoter fragment was designated pDUPS22. 



EXAMPLE 9 



Constr^ of Recornbin^ Genes Whose Expression is Regulated ^SgCorn Pron^ter 
i Construction of pMC 710 

, w^m separated'by agarose gel electrophoresis. The 3* kbp ^ ^ponding to *e BUS* 13 end 
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reS uKng DNA was ligated to - 3.0 «p Nco ^^{5^*S SB 
pBSH This construction was designated P MC715.83 (Figure 17). 



EXAMPLE 10 



75 



20 



23^;^ of a r^c Gene Whose Expression is Controjled by The 218 Com Pjgmoter 

me plasmid^SI (Example 4) was sutjecjd to ^-S^SSW 
P MC791 was then digested to completion with Sma I. The d ge^ion products 

electrophoresis and a 1.4 kbp Ml UVM I DNA fragmentwas Isolated^ ^ 
ThS plasmid PJE516 was digested to completion ^ ' ^^th So I dephosporylated and 
using T, DNA polymerase. The DNA was d«Mtadta '^^^^^ p MC791. An aliquot 
ligated with an equimolar amount of the ge rfuMM j*p M Ill/Sma ^gment P rmati(jn 
of the ligation mixture was used to transform competent E «;hHBt01 ceHs. *W ^ 



(Figure 18). 

EXAMPLE 11 



30 Construction of Recombinant Genes Whose Expression are Regujated by Petunia P6J. Gene Promoter 
Fr^gmentsand" Various 3 Downstream Regions 



35 



Construction of P655, P657, P658, and P660 



Construction of P655 
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P6 gene 1 3 end. diaesting 10 ixg of the plasmid with Eco Rl 

The 35S promoter region was removed from pJ.W31 by ^^^f ^ phen ol:chloroform (1:1 
and fimng-in the resulting 5 overhang w*. Klenow fragment. Af^ exwctton w«n p^ ^ 
vA,) and precipitation with ethanof ■ •^MAj. ^^S^^^OUKW 3end fusion in 
agarose gel electrophoresis. A 5.8 kbp DNA » foment in a dialysis bag with 500 lU of 1X 

p?IC118 was isolated by placing the gel slice «£-™8t» t ^^SST vm extracted with phe- 
TAE buffer and electroeluting the DNA from the ^™J^™™° nia P6 gene , promoter region 
nolxhloroform (1:1 v/v) and V^****^*^™™ ZdS pEsmid consfruction P653 (Example 
containing a unique Nco I site was purified by *J^J»J" * ™ ^ ter fraam ent as previously 
4) to completion with Nco I and Sma and ge ^JJJB*^ £d ^e GUS/OCS 3%nd fragm nt w re 

SftSr^'SSSKS^e^^^ with Nco 1 end Bam HI 
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until a colonoy containing a plasmid with the 1.3 kbp P6 gene \^^^J^Xs5^Tm^ 
linked to th GUS/OCS fusion of pJJ 3431 was found. This plasmid was designated P655 (Figure 18). 

Construction of P657 

" in the construction P655. the petunia P6/GUS fusion was ^operably .inked ti: > an ,OM ' »'.^* 
site In order to replace the OCS 3 end fragment in P655 with the mutagenized P6 gene 3 end in P654 rt 
«as necessary to ^partially digest P655 with Xba I as there was an Xba I site in the pointer reg.on of 
pSs Z S5o t Mte sto of the OCS 3 end fusion. Due to a relatively inactive lot of Xba I. rt was possible 
S?£iS^^^ * jesting 10 ug of P655 DNA wtth 30 ^"j^J^Z 
After checking for partial digestion by agarose gel electrophoresis, the 5 overhang of the *bal srte was 
2d fn ^Klenow fragment of DNA polymerase . The DNA w* , ext ractec . wrth J£ 
v/v) ethanol precipitated, redissolved and digested to completion w.th Hind 111. The produce m ims 
Ses^n were sedated by agarose gel electrophoresis and the desired DNA fragment corresponding to 
P655 without the OCS 3' end was purified from the gel. 

The 3 ? end of the P6.1 gene was isolated by digesting the plasmid P654 to completion with Bgl lland 
fillino-in The resulting 5 overhang with Klenow fragment. The DNA was extracted w,th phenohchloroform 
r 9 v v). pre?ptS with ethanol, redissolved, and digested to completion with Hind Ml The resulting 
products were separated by agarose gel electrophoresis, and the 2.2 kbp fragment contammg the P6.1 
gene 3 end was excised from the gel and purified as described earlier. 

The 2.2 kbp P6 3' end fragment was ligated with the purified Xba I fragment of P655 fro* .above 
overnight at 15* C in a final volume of 10 ul. An aliquot of the ligation reaction was used to mtann 
competent E. coll JM83 cells. Small scale plasmid preparations from ^^^^^^TSi 
were analyz-ed—y digestion with Hind III and Bam HI until one was found *^° n ^ ned J h | e m P6 - 1 3 e " d 
openly linked to the P6.1 promoter/GUS fusion. This plasmid was designated P657 (Figure 19). 

Construction of P658 

in order to map potential regulatory regions in the promoter of P6.1. a 1 kb deletion was made In the 
pronToter fragmenTof the P657 construction, leaving a 300 bp P6.1 promoter fragment oper^.y Unked tea 
GUS/P6.1 3'downstream fragment. Ten ug of P657 was digested to completion with K*al and Spe . 1. The 
Lultina 5 overhangs were filled-in with Klenow fragment and the products were separated by agarose gel 
ScShLTTT7.6 kb fragment (P657 with 1 kb of the 5 end of the promoter deleted) was ; recovered 
SSteSTS liectroelution. extracted with pheno.:ch.oroform (1:1 v/v) ^J^^J^^ 
DNA was ligated back to itself overnight at 15* C in a 10 ul ligation reaction An aliquot of the ligation 
mixterHas used to transform competent E. coli JM83. Plasmid DNA from individual amp resistant colon.es 
wTdTgesSd S Holland Bam HI untifa^oiony containing the desired plasmid was found. Th* colony 
^tSg a GUS/OCS 3 end fusion operably linked to a 300 bp P6.1 promoter fragment was designated 
P658 (Figure 19). 

Construction of P660 

A construction consisting of a GUS/OCS 3' downstream region fusion operably linked to a 600 bp P6.1 
oroi^Smentw^s prepared. A convenient Eco R. site 600 bp upstream of the initiating codonATG 
wTuted tegenerate the 6*00 bp promoter fragment. However, ^J^^^ ^£ I 
downstream region of the P6.1 gene, a promoter deletion was made in the plasmid P655 and the OCS 3 

endure,™ ^ pheno1:chloroform v/v> and 

pj£« 1 e»anT Cdna was then digested to completion with E« ,« ^J"** 
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10 



was found, diagnostic of the presence of a 600 bp promoter fragment in the construction. This piasmid was 
designated P660 (Figure 20). 



75 



20 



EXAMPLE 12 



Construction of Recombinant Genes Under Transcriptions. Control of Chimeric Promts Coining An 
ind^gbTe^g^atoTylien^inT From the Corn 2-2 P^ornoter 

400771) using the protocol supplied by the manufacturer. 



30 



Construction of P HPH401 and pHPH401^ dcm- 

Complementary oligonucleotides 32 and 33, of the sequences: 

32 5 • -AATTCGTTAACCGCACCCTCC ITCCCGTCGTTTCCCATCTCTTCCTC 
35 CTTTAGA-3 * 

33 5 ' -GGAGGAAGAGATGGGAAACGACGGGAAGGAGGGTGCGGTTAACG- 
3* 



40 



and complementary oligonucleotides 34 and 35 of the sequences: 

34 5 • -GCTACCACTATATAAATCAGGGCTCATTTTCTCGCTCCTCACAGGC 



45 

CTGGTAC-3 ' 



35 5 • -CAGGCCTGTGAGGAGCGAG AAAATGAGCCCTG ATTTATATAGTGGT 
50 AGCTCTAAA-3 • 



55 



pKospho^ea * incubation o, ,0 no ^'JZSSZ JST-S S2 
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10 



15 



20 



each in water and 1 u. of this mixture was^atedove.i^ at 15" C ^j^-J^S*^ 
pBluescript S/K( + ) was digested to completion wrth Eco «^*P n JJJ an P d 2 r u| of ^ dilution 

Lstinai alkattne phosphatase ^ "^"^^^ ^ of I t^or^ 1" eaction were spread 
was used to transform 60 ul of competent HB101 cells. Aiiquois or w »« «, „ scale plasm j d 

37* C with shaking until the A650 reached 0.25. The culture was chitted to 0 C on .ce • Bactena were 
Tftp, Afte , 4 hours on ice, 100 ul of competent cells were removed. 4 ng of pHPH401 was aaoeo, 
S ™eoC."* £5 toubai * 37- C to . hour ml *W» of to ^^SXS^££ 

2 one was identified that contained pHPH401. The strain was designated HPH401 dcm- and the dcm 
plasmid in this strain was designated pHPH401 dcm-. 

25 Construction of pHPH410 

Complementary oligonucleotides 36 and 37 of the sequences: 

36 5 ■ -CTCATCAGCACCCCGGCAGTOCCACCCCGACTCCCTGCACCTGCCAT 

30 

GGCTGTGGCTCG AGGT AC - 3 

37 5 ■ •CTCGAGCCACAGCCATGGCAoGTGCAGGGAGTCGGGGTGGCACTGCC 
35 GGGGTGCTG ATGAG - 3 1 

pHPH410. 



so 



55 



Construction of the 443 Promoter in pHPH443 

Complementary oligonucleotides 44 and 45 of the sequences: 
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44 5 • -AATTCTACGTACCATATAGTAAGACTTTGTATATAAGACGTCACC 
TCTTACGTGCA1GGTTATATGCGACATGTGCAGTGACGTT-3 • 

6 45 S'-AACGTCACTGCACATGTCGCATATAACCATGCACGTAAGAGGTGA 

CGTCTTATATACAAAGTCTTACTATATGGTACGTAG - 3 ' 

^Mnsete by reaction digestion were sequenced using the M13 7^'^^^ 
coining oiigonucieotides 44 and 45 .igated into the Eco in ngl^ 

rifisionated D HPH443. The sequence of the insert containing in the plasmid pHPH443 is snown in ' "9" r ° 
SSSTCL -present a chimeric promoter consisting of a "»«^ m ,'^£Z?S££ 

arrow and underlining in the figure denote the transcription and translation start sites, respectively, 
the promoter. 

Construction of pHPH412 

Complementary oligonucleotides 46 and 47 of the sequences: 

46 5 ' -CTCATCTCGCTTTGGATCGATTGGTTTCGTAACTOGTGAAGGACTGA 
GGCCTAACGGTAC-3 ' 

47 5 • -CGTXAGGCCTCAGTCCTXCACCAGTTACGAAACCAATCGATCCAAAG 

CGAGATGAG-3 § 



25 



30 



35 



SO 



designated pHPH411. 

Complementary oligonucleotides 48 and 49 of the sequences: 
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48 5 * -GTCTCGGAGTGGATGATTTGGGATTCTGTTCGAAGATTTGCGGAGG 
GGGGCCATGGCGACGGTAC- 3 B 

5 49 5' -CGTCGCCATGGCCCCCCTCCGCAAATCTTCGAACAGAATCCCAAAT 

CATCCACTCCGAGAC-3 ■ 

" were ohosphorylated as above and diluted to 20 ng/ul of each oligo in H 2 0. One >uj of this dilution was 
2* I K toun^Hh 1.4 ug Kpn I and Stu I digested and dephosphorylated pHPH41 \na volume of 10 
was diluted to 50 ul with water and 2 ul aliquot of the diluted ligation m,)rture was 
u eJ£ 5£rS 40 ul of competent HB101 cells. Aliquots of the 

agar plates containing 50 ug/ml amp and allowed to grow overnight at 37 C. Small scale ptomid 
'* preparations prepared from individual amp resistant colonies were sequenced usrng ^e^ 

pZlr. One colony containing oligonucleotides 48 and 49 ligated into the Kpn l/Stu I sites of pHPH411 was 
designated pHPH412. 

20 Construction of pHPH460 

Complementary oligonucleotides 62 and 63 of the sequences: 



25 



62 5 ' -GTACGTACCATATAGTAAGACTTTGTATATAAGACGTCACOTCTTA 
CGTGCATGGTTAACA-3 * 



30 



63 5 ' - AGCTTGTTAACC ATGC AC GTAAG AGGTG ACGTCTTATATAC AA AGT 
CTT ACTATATGGTACGTACTGC A - 3 1 



S/K(+) was found. This plasmid was designated pHPH460 



40 



45 



50 



55 



Construction of pHPH461 

Complementary oligonucleotides 75 and 76 of the sequences: 

75 5 ' .ATATGCGAC ATGTGCAGTGACGTTATCAGATATAGCTC ACCCTATAT 

ATATAGCTCTGTCCGGTGTCG AC - 3 • 

76 5 ■ -TCGAGTCGAC ACCGGACAGAGCT ATATATATAGGGTGAGCTATATCT 

GATAACGTCACTGCACATGTCGCATAT-3 • 



were 
was 
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15 



designated pHPH461. 

Construction of pHPH462 

Complementary oligonucleotides 77 and 78 of the sequences: 

77 5 • -AAGT6ACAATCACCATTCATCTCGCTTTGGATCGATTGOTTTCGTAA 

CTGGTGAAGG ACTG AGGCCTAACGGTAC - 3 f 

78 5 ' -CGTTAGGCCTCAGTCCTXCACCAGTTACGAAACCAATCGATCCAAAC 

GAGATGAATGGTGATTGTCACT- 3 ' 



were phosphory.ated as above ^^S^^^^^ ^ZSZ 
was ligated for 6 hours with I ug of L diluted ligation mixture was 

,0 u«. The ^ «^2^!!lwSt?SlS transformation mixture were plated on LB 
used to transform 40 ul of competent HBiui cens. Miiquuu» ui olasmld 



30 



pHPH462 



Construction of pHPH463 and pHPH463dam- 

Pnosphorylated. complementary o,i g on U c.eo«des 48 ^ 

ce"s. AKquots of the tranformation m*ure ^ P eptSsmSe from indLua. 'amp resistant 

allowed to grow ovem.ght at 37 C- Smal IJ*P«JJ ^ co| containing 0 ,igonuc.eotides 48 and 
colonies were sequenced using the M13 universal P™-"™^ 0 HPH463 The sequence of the insert 

translation start sites, respectively, of the promoter procedure 
50 pHPH463 in E. coli CHS26 was designated pHPH463dam-. 

Construction of pHPH467 
55 Complementary oligonucleotides 88 and 89 of the sequences: 
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40 
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68 5 ' -GTTAACAAGGATCGGCGCGCCACGCCGAGCTCGCCGCTATATnATA 
TITGCTC AATGGAC AGGC ATGGGGCTATCTCGCTTTGG AT- 3 ' 

5 89 5'-CGATCCAAAGCGAGATAGCCCCATGCCTGTCCATTGAGCAAATATA 

AATATAGCGGCGAGCTCGGCGTGGCGCGCCGATCCTTGnAACTGCA 

-3' 

W were prepared and phosphorated by incubation^ of 5 u g of eacj , oHgo w«h 25-50 ^^SSi 
kinase in 50 ul of 50 mM Tris-HCI P H 7* ^^ 1 ^ m ^^ d Twere mixed together at 35 
were heated to 70 C for 10 minutes and then cooled on J«^g° n " jtn , of Pst , and C la I 

ng/ul of each o.igo in H 2 0. One ul of thUs dHution «as '.gated f o ^^ t ^j ou was diluted t0 50 

' s digested and dephosphorylated pHPH463dam- .n a volume of 1 0 ul. The JMM competent 

u. with water and 2 u. aliquot of the ^.^Zn^Z^*^ containing 50 ug/m. amp 
HB101 cells. Aliquots of the transformation rnbdu e were p ated made from individual amp 

r^ste^^^ — ' ° li90S " 

20 Lnd 89 cloned into the Pst l/CIa I sites of pHPH463dam- was des.gnated pHP467. 

Construction of pHPH500 
25 F,ve ug of complementary oligonucleotides 92 and 93 of the sequences: 

92 5 ' -GTACCATATGTAAGACTTTGTATATAAGACGTCACCTCTTACGTG 
CATGGTTATATGCG AC ATGTGCAGTGACGTTAAC- 3 ' 



30 



93 5 ' -GTTAACGTCACTGCACATGTCGCATATAACCATGCACGTAAGAGG 
TGACGTCTTATATACAAAGTCTTACATATGGTAC-3 • 

that together constitute the inducible element from 

above Tor oligos 88 and 89. Oligonucleotides pBluescript S/K- 

of this dilution was ligated for 4 hours wrth 1 ug of Sma I digested ana aep p y 
(+ ) in a volume of 10 ul. The ligation reaction ^ J*^^^^^"^ ^ *«rtom»to 
igation mixture was used to transform 40 ul of competent "BJ01 ce lis. Wyernight at 37*0. Small 
mixture were plated on LB agar plates contain^ 50 ug/m and J^^Sid using the M13 
scale plasmid preparations made from "^J^^jHTsiJl site of pBluescript S/K(+) in 
SS^^^S^ - 3 to the Bam HI site of the vector 

polylinker was designated pHPHSOO. 

Construction of pHPH478 

50 The p,asmidpHPH500 was digested to ^completion 

separated by po.yacrylamide gel -«*g»J*^ 1 
element of the 2-2 promoter was recovered » **2£*dHP W87 in a volume of 10 ul. The ligation 
ug of Bam HI and Hpa I digested and dephospho^latedpHPHW m a vo u^ ^ 

55 i'Tr^*™ "u^ of^^^rweTpIated on LB agar plates 
40 ul of comp tent HB101 ceus. Miiquois ui u plasmid preparations made 
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chemically inducible element derived from the maize 2-2 promoter ^gjJ | ene 81 339-348] 

Hnked to the -1 to -94 region of the phytochrome ^ s ^^^l^^^ dehydrogenase 

!ta iSSto. and translation start sites, respectively, of the promoter, 
r^jj ,f PHPH443GUS r up^n»l«. nHPH412GUS. PHPH463GUS and pjjPHfTgGUS 

tube was then shaken vigorously overnight at 37 C. Gel fragments we J r * mo " u „ ddina , m , of 
sodium acetate and precipitated orv dry ice as saescn. se a a« pH PH443 insert 

was used to transform 40 ul of competent hbiui ceiis. Miiquuu. «■ u . _ .. . D |asmid 

nn i e aaar olates containing 50 ug/ml amp and allowed to grow overnight at 37 C. SmeMs«u e pmmn n 
on LB agar plates comaining w colonies and the resulting DNAs were digested with Xba 

preparations were performed on amp-resistant colonies ana m ^ y P HPH443 in 

and Nco I until a colony was found that contained the 230 bp Xba l/Nco I * ra 9 men \ ^L p filN - , V 
PToS TOs plimTd. consisting of the promoter fragment of pHPH443 operably linked to the GUS/2-1 3 
end construction in pTDS136 was called pHPH443G «■ oH p H 412 DHPH463 and pHPH478 were 

pHPH463GUS and pHPH478GUS. respectively. 
Construction of pHPH420GUS 

absorbance at 260 nm and 40 ng of pHPH4iz insert uiw were a « ^ 5 „ , wjth 

the resulting DNAs were digested h*jh Xba I and N ~ ' » d ^^on was called 

Hpa l/Nco I promoter fragment from pHPH412 n P«f"^ i wo oHp .7 420 js shown in R gure 24. This 
p SpH420GUS. The sequence of the insert contamed hjM tm f^JE^J^ JLnl derived 
5 DNA fragment represents a chimeric promoter consisting of ^ r ^^to Z -94to + 101 region of 
from the maize 2-2 promoter (MM J**^ Scalds Res. 12: 3983 9 -4000] 

SiS^IX^ - N 1 site - - — on start codon - 
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The arrow and underlining in the figure denote the transcription and transiation start sites, respectively, o, 
the promoter. 



EXAMPLE 13 



Construction of Recombinant Promoters Containing Various Mod ifications of the 2* Indudble gement 



10 



Construction of plasmtds pAl-pA70 

heterogeneities in the first strand. 
20 The complementary pairs of oligos-: 

103 5 ' -CACCTCTTACGTGCATGGTTANATGNNACATOTGCAGTGANGTT-3 ' 

104 5 ' -AACHTCACTGCANATG1NKCATOTAACCATGCACGTAAGAGGTGA 
25 CGT-3 ■ 

105 5 * -CACCTCTTACGTGCATGGTTATATGCGACATGTGNAGTPACGTT 
30 106 5 • -AACGTRACTNCACATGTCGCATATAACCATGCACGTAAGAGGTG 

ACGT-3 ' 



35 



40 



45 



107 5 ' -CACCTCTTACGTGC ATGGTTATATGCGACARGTGCPPRGACGTT 

108 5 f .AACGTCPRRGCACPTCTCGCATATAACCATGCACGTAAGAGGTG 

ACGT-3 • 

109 5 ' -CACCTCTTACGTGCATGGTTATATGCGPRPTGTGCAGTGACGTT 

110 5 ' -AACGTCACTGCACARPRCGCATATAACCATGCACGTAAGAGGTG 

ACGT-3 • 
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111 5 • -CACCTCTTACGTGCATGGT .^TATGCGACATGRPCAGTGPCGTT 

112 5 ' -AACGRCACTGRPCATCTCOCATATAACCATGCACGTAAGAGGTG 

. ACGT-3' 

115 5 ' -CACCTCTTACGTGCATGGTTPTPRPCGACATGTGCAGTGACGTT 

116 5 ' -AACGTCACTGCACATGTCGRPRARAACCATGCACGTAAGAGGTG 

ACGT-3 • 

117 5 ' -C ACCTCTTACGTG R ARGPTRATATGC GAC ATGTGC AGTGAC GTX 

118 5 * -AACGTCACTGCACATGTCGCATATPARCPTPCACGTAAGAGGTG 

ACGT-3 ' 



20 where 

N = A.C.G.T 
P = A,G 



25 



00 



35 



40 



:e r e' T p h osphory.ated as .escribed in ^p.« i2 and each pai \~tfJZ£Z£SZZ 
PHPH443GUS that ^ j>^ ^mixSres were used 

to transform 40 ul of competent HBioi ceiis. Miquow . . p|asm!<J preparations 

piates containing 50 ug/mi amp and aliowed to Sslng either oiigo 35 

were performed on amp-resistant colon.es and the resutong B^^SwSaGATQQQAAACQACQQQ^'). 
(Example ) or oligo HH1 14 primer (HH1 14 sequence^ 5 ^S^SISmuS corresponding to the 
Plasmids in which base changes had been ■ntroduced listed plasmids that contained 
77 bp inducible element from the 2-2 promoter were selected. Table lists tne P 
single base changes in the region of interest. 

Similarly, the complementary pairs of oligonucleotides-: 

121 5 • -CTAGTGAATrCGTACCATATAGRAAGPCRRTCTATATAAGACGT-S ' 

122 5 ' -CTTATATACAPPGRCTTPCTATATSGTACGAATTCA-3 ' 

123 5 ' -CTAGTGAATTCGTACCATATAGTAAGACTTRPRATPTAAGACGT-3 * 

124 5 ' -CTTARATPRPAAGTCTTACTATATGGTACGAATTCA-3 ' 

125 5* -CTAGTGAATTCGTACCATATAGTAAGACTTTGTPRATPPGACGT-3 • 

126 5 ' -CRRATRP ACAAAGTCTTACTATATGGTACGAATTCA - 3 ' 

127 5 ' .CTACTGAATTCGTACCATARAPTPAPACTTTGTATATAAGACGT-3 ' 

128 5' -CTTATATACAAAGTRTRARTPTATGGTACGAATTCA-3 ■ 



where: 
55 N= A.CQ.T 
P = A.G 



I^Mtta** « desc^o u, Example «. M« » «— — - » H|,H " 3 GUS ~ 
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10 



^. . m ^ h rt th vha I and Aat II and dephosphorylated. The ligation reactions were 
^ns^e^^ 

Sent froTtfTe 2-2 promoter listed be.ow and the positions of those those changes. 

CTACCATATACTAAGACTTTGTATAlAAk^CGTCACCTCTTACGTGCATGGTTATATGCG 

! * ♦ * + * 60 

CATGGTATATCATTCTGAAACATATATICTGCAGTGGAGAATGCACGTACCAATATACGC 



75 



ACATGTGCAGTGACGTT 

61 * 77 

TGTACACGTCACTGCAA 



20 



25 



Table 3 
Nucleotide change 

T?rnm To Position 





0 


NO 


changes 






1 


G 


C 


70 


30 


2 


T 


C 


64 






G 


C 


70 






T 


A 


71 


35 


3 


A 


G 


69 


4 


A 


G 


69 






G 


A 


70 






T 


C 


71 


40 


5 


T 


C 


64 






A 


G 


69 






T 


C 


71 


45 


6 


T 


C 


64 




7 


T 


A 


55 






C 


T 


59 






G 


A 


60 


SO 














G 


A 


65 






C 


A 


74 



55 



60 
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10 



IS 



20 



25 



30 



35 



40 



8 



9 
10 



11 

12 
13 



50 



14 

15 

16 

17 

18 
19 
20 



21 
22 
23 



T 
G 
C 
C 
T 
C 
C 
C 

c 
« 
c 

G 

T 

C 

G 

C 

T 

C 

G 

C 

G 

C 

G 

C 

G 

C 

C 

A 

C 

A 

A 

C 

A 

A 



T 
T 
A 

T 

G 

A 

G 

G 

T 

T 

G 

A 

A 

G 

A 

T 

C 

T 

T 

A 

A 

T 

A 

G 

A 

G 

T 

G 

T 

G 

G 

T 

G 

G 



55 
60 
74 

74 

55 

59 

74 

59 

60 

74 

59 

65 

55 

59 

65 

74 

55 

59 

65 

68 

72 

68 

72 

68 

72 

68 

68 

61 

62 

63 

61 

62 

61 

63 



55 



61 
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10 



15 



20 



25 



30 



35 



40 



SO 



55 



24 
25 

26 
27 

28 



29 
31 

32 

33 
34 

35 

36 
37 
38 
39 

40 
41 



42 
43 

44 
45 



A 

C 

A" 

G 

T 

G 

T 

G 

A 

A 

T 

A 

A 

A 

T 

A 

T 

A 

T 

A 

T 

T 

T 

T 

T 

G 

T 

A 

C 

a' 

G 

T 

T 

A 

T 



G 

G 

T 

A 

C 

A 

C 

A 

G 

G 

C 

G 

G 

G 

C 

G 

C 

G 

C 

G 

G 

C 

C 

T 

C 

A 

C 

G 

A 

C 

A 

C 

C 

G 

C 



63 
62 
63 

67 

66 

67 

66 

67 

73 

73 

66 

73 

67 

73 

66 

54 

57 

16 

18 

16 

19 

18 

18 

19 

12 

21 

22 

25 

21 

20 

21 

20 

12 

16 

18 
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w 



IS 



20 



25 



30 



35 



40 



45 



50 



46 
47 
48 

49 



50 



51 

52 
53 
54 
55 

56 
57 
56 
59 

60 

61 
62 

63 
64 
65 

66 

67 



T 

A 

G 

T 

T 

T 

A 

T 

G 

T 

A 

T 

G 

A 

A 

A 

A 

T 

G 

T 

A 

T 

A 

A 

A 

A 

A 

T 

G 

G 



c. 

A 



C 
G 
T 

C 

C 

C 

G 

C 

A 

C 

T 

C 

A 

G 

G 

G 

G 

C 

C 

C 

G 

C 

G 

G 

G 

G 

G 

C 

A 

A 

A 

C 

A 

G 



22 
25 
21 
22 
20 
22 
25 
20 
21 
22 
56 
57 
58 
56 
54 
54 
56 
12 
25 
24 
23 
24 
23 
28 
23 
27 
28 
9 
11 
11 
15 
9 
11 
13 
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AG 13 

69 G A 15 
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EXAMPLE 14 



The Use of N.^inocarbonvQ.a.chlcrobenzenesutfonamide to Induce the Exp«>ssion of Recombinant 
GU~S/2T"Co"rn Gene Constructions in Transformed Rice Protoplasts 

Transformation of Rice Protoplasts 

Rice suspension cultures, initiated from -^nved^ 
a 1:4 dilution ratio with fresh liquid N6 sZTe ^.^otop Ste were isolated 

containing 2 mg/ml 2.4-dichlorophenoxyacefcc acd and IS I A W P "™ on (16 T 18 hrs) in 4 ml of 
from suspensions of rice cells 4-6 days after subc uljre by ove "^^^^ ^ Ho nsha. 

resuspended in 1 ml of Kerns F, pHS.B Du ™ r _.e J*B disperse the cells in the DNA 

8 0 were added per million protoplasts. The tubes were snaxen gerray iu ""J* 

added to dilute out PEG. 

N-(aminocarbonvn-2-chloroben2enesulfonamide Induction of Transfo rmed Rice 

me transformed protoplasts were *~™J~Zg^ * V^SffSS S 
discarded and the protoplasts were resuspended n ,2.0 m of Kren s » P v pro toplasts. 

Padded to the other aliquot. Protoplasts were then "«ubJ«*aC ^ gene 

The inducibility of the recombinant GUS •^V^'SSS.TJ ST1 the glucuronidase 
promoter and downstream ^"«"^ s ^ e J e ™^ ^"ESJ oT N -(antlnocarbonyi?2-ch.oroben- 
enzyme activity in protoplasts cultured m the pwn ' a "°**£™ dnica| centrifuge at 80g for 5 
zenesultonamide. GUS «JJJ r was ^ X %5^JE^ ^ pnosphatepH 7.0. 10 mM 
minutes, and resuspending M H J ^" WJJ ^Mauroylsarcosine). The suspension containing 

■srsas — d usina - Bio - 
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Pmte in Assav kit (Bio-Rad Laboratories. Richmond. CA 94804) following the manufactured s rec- 

Rad Protein Assay rax *dio n«j . rrinrftnh . ation curve wa s prepared using bovine 

ommendations for the microassay procedure. A protein d by P a ^tor of 7.2 to give 

585 ul protoplast Sua. and a 100 ul aliquot of the resulting m,*w was «<«md »«•« ^"Sl 

1 "-MU Wa Chemical Co.. CAT # 1508). GUS activity in the transient assay was expressed as 
Dicomoles of 4-MU produced per ug protein per hour. 0 i afim jd 

2T£Z asl fintio^Sns^ve QUS expression. The plasmid consists of a GUS coding region 
^^^^TcJEwTSs Promoter and 3 downstream regions. GUS activity M*g from 
^sUtton dnSn by the 2-1 promoter and downstream regions (pJE516) was ; consistently MMfnM 
SSta o! |JL of N-(aminocarbony.)-2-ch.oroben2enesulfonamide to the protoplast medium. 

TABLE 4 







GUS ACTIVITY (FU/ug-min.) 




Sample 


Promoter 
Size (in bp) 


Uninduced* 


INDUCED* 


Fold 
Induction 


NO DNA 

pBM117 

pJE516 

pDuPE2 

pDuPIS 

pDuPI9 


N/A 
N/A 
-3000 
-900 
421 
226 


ND 

241.1 

569.4 

227.3 

121.1 

106.6 


45.5 
604.3 
4314.0 
1793.0 
714.1 
96.9 


Ox 
2.6 x 
7.6 x 
7.9 x 
5.9 x 

Ox 



Induction in taoie was accomp.i&nw uy • ' ♦ , _ 

N-(aminocarbonyl)>2>chloroben2enesulfonamide to transformed protoplasts. 



EXAMPLE 15 



The Use of N^amtnocarbon y IW2-chlorobenzenesulfonamide to Induce Expression of Recorr^inam 2g Com 
PrFmi5ter/GUS Gene Constructions in Transformed Hice Protoplasts 

chemical treatment of protoplasts, as well as GUS assays were desc^^ m Exampte 14. Protoplasts wer 
^ rt ^rmoH with nBMH7 and the 2-2 promoter/GUS fusions descnbed below. 

^TS^^PTOW PTDSJW. PTDS134. P DuPM17. P DuPN27. P DuPN4 and P°uW wwo- 
binJt DNA c?n^uctio P ns (all described in Example 7) by 'Haminocarbony.^^ 

of all constructions with 2-2 promoter fragments that are longer than 208 bp. A rapid loss ot cnemicai 
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inducible eus a** occurs - *^nKTJ?SS "« P« 

tta^tedoo start site In tno promoter. Th« > .n*cMes *J_» re ' 8 . o| w ^ », aan s«e of the 

zenesulfonamide. 

TABLE 5 



10 



75 



20 







GUS ACTIVITY 








(FU/ug-min) 




Sample 


Promoter 
Size (in bp) 


Uninduced* 


Induced* 


Fold 
Induction 


NO DNA 

pBM117 

pTDS130 

PTDS133 

pTDS134 

pDuPM17 

pDuPN27 

pDuPN4 

P DuPN7 


N/A 
N/A 
-1900 
465 
450 
248 
208 
150 
130 


ND 
1.68 
1.38 
1.52 
1.65 
1.25 
1.43 
0.83 
0.54 


0.45 
7.47 
88.72 
102.72 
78.27 
75.92 
118.69 
24.3 
1.52 


0.0 x 
4.5 x 
64.1 x 

67.7 x 

47.4 x 

60.5 x 

82.8 x 
29.0 x 

2.8 x 



•Induction in Table & was accum^*"^ ~* M ~ "—™ . ' n+nnlasts 
N-(aminocarbonyl)-2-chlorobenzenesulfonamide to transformed protoplasts. 



30 



EXAMPLE 16 



35 



40 



45 



The use of ^^nocarbonvn-a-ch.orobenzenesdfonamide to Induce E^ession of Recombinant 5-2 Com 

Rice suspension cultures, initiated from anther^ed cal, .were >~^£%X^ 

and the 5-2 promoter/GUS iWoni ^TSSS'ty transient expression assay in rioe protoplasts No 
The response of pMC 715.53 ^J^^Lmed protoplasts treated with N-(aminocarbonyl)-2- 
induction of GUS. ^^^^^n^TJ 5-2 P gene is the weakest of at. corn genes 

££r^ * measured in a fransient 

EXAMPLE 17 



50 



55 



„ jn^aaeagng^^ 

Fusionl n Transformed Rice Protoplasts 

Ric suspend on*™.. MM •» «*-**- <^ J^^rSSSTS 
for tfre Moslem transformation and ""f a J^SS°„ Example 14. 

chemical MM of protoplasts, aa ^"^2C««< nansformed with pTDStUO 
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by transient expression. The results are presented in Table 6. 

TABLE 6 



10 





GUS ACTIVITY* 




Construction 


UNINDUCED 


INDUCED 


FOLD 
INDUCTION 


No DNA 

pHPH130 

pMC7113 


3 

17.3 
78.4 


3 
546 
952 


0 
31.5 
12.1 



15 



-rrs ysrJM« areas rjm t 

(aminocarbonyl)-2.chloroben 2 enesulfonamide to the protoplast medium. 



20 



EXAMPLE 18 



25 



30 



35 



40 



The Use of N- <a minocarbonyl)-2-ch to roben 2 ene S ulfonamide to Induce Expression of Recombinant P6 
PeTuriiaPromoter/GUS Gene Constructions in Transtormeo Rice Protoplasts 

Rice suspension cuitures. iniaated from anther-derived callu* were ^f^^^^ontf 

and various P6.1 P™**™ Stab JjJ-J^*^ analyzed by transient expression assay in rice 
( a minocarbonyl)-2-chlorObenzenesulfonamid« .treatment, s rf ^ s ^ '"T^^^rSSlylnducld by 

P6.1 promoter/GUS construction. 

TABLE 7 



50 



55 







GUS ACTIVITY (FU/ug-min) 




Sample 


P6 Promoter 
Size (in bp) 


Uninduced* 


INDUCED* 


Fold 
Induction 


NO DNA 

PBM117 

P655 

P657 

P658 

P660 


N/A 
N/A 
1300 
1300 
300 
600 


ND 

174.8 
61.8 
66.6 
64.5 

112.8 


27.0 
325.7 
317.6 
488.1 
404.3 
510.9 


0.0 x 
1.9 x 
5.1 x 
7.3 x 
6.3 x 
4.5 x 



Induction in laoie i was acw""H»»»«~ * " ~ . . . 

N-(aminocarbonyl)-2.chlorobenzenesulfonamide to transformed protoplast. 

ND= not determined ' 
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EXAMPLE 19 



TO 



15 



20 



25 



30 



35 



Transformed Rice Protoplasts 

PHPH410GUS. PHPH4126US. pHPH420GUS. P^^^/^^^fJThe results are pre- 
(aminocarbonyl)-2-chlorobenzenesolfonamide was analyzed by transient expression. 

sented in Table 8. 

TABLE 8 





GUS ACTIVITY* 




CONSTRUCTION 


UNINDUCED 


INDUCED 


FOLD 
INDUCTION 


No DNA 

P TDS130 

pHPH410GUS 

pHPH412GUS 

pHPH420GUS 

pHPH443GUS 

pHPH463GUS 

pHPH478GUS 


10 i 
124.4 

17 

21.5 
317.5 

55.0 

90.7 

13 


8 

849.2 

14 

26.6 
1674.5 
590.6 
781.3 
160.7 


0 

6.8 
.8 

1.2 

5.3 
10.7 

8.6 
12.4 


• GUS activity expre 


issed as flourescence units/hr/1 0 s protoplasts 



40 



EXAMPLE 20 



45 



50 



55 



inducible Element in Transformed Rice Protoplasts 
fonamide treatment Is presented in Table 9. 
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Table 9 



GUS ACTIVITY FOLD 



5 


p/V PROMOTER 


UNTNDUCED* 


INDUCED* 


INDUCTION 




NO DNA 


10 


8 


0 




pHPH443 


89 


954 


10.7 


70 


pAO 


115 


1100 


9.5 




1 


86 


1001 


11.6 




2 


25.5 


72 


2.8 


15 


3 


29.5 


495 


16.8 




4 


22 


70.5 


3.2 




5 


39 


111.5 


2.9 




6 


20 


106 


5.3 


art 


7 


20 


37.5 


1.9 




8 


15 


31.5 


2 . 1 




9 


75 


1465 


19.5 


25 


10 


20 


95 


4.75 




11 


26 


133.5 


5.1 




12 


127 


1467 


11.6 


30 


13 


33 


301.5 


9.1 




14 


317 


2280 


7.2 




15 


18 


32 


1.8 


35 


16 


10 


24.5 


2.4 




17 


8.5 


23.5 


2.8 




18 


19 


161 


8 




19 


32 


223 


7 


40 


20 


64 


543.5 


8.5 




21 


54 


802 


14 .9 




22 


21.5 


137.5 


6.4 


45 


23 


107 


1417 


13.2 




24 


747 


2925 


3.9 




25 


47 


725 


15.4 


50 


26 


16.5 


61 


3.7 


27 


11.5 


61 


5.3 
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28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

62 



13.5 14 1 

44 491 H' 2 

19.5 • 103.5 5.3 

41.5 182 4.4 

27.5 125 4.5 

98.5 1249.5 12.7 

214.5 2256 10-5 

69.5 774 11-1 

94.5 1019.5 10.8 

120.5 1073 8-9 

117.5 1790 15-2 

96.5 925 9.6 

112.5 1501.5 13-3 

97 1085 11-2 

43.5 602.5 13.9 

27.5 298 10.8 

41.5 298 7.2 

80 994.5 12.4 

42.5 484.5 H- 4 

36 328.5 91 

40.5 379.5 9.4 

26 166 6- 4 

44.5 349.5 7.9 

57.5 483.5 8.4 

46 328 7.1 

49 469.5 9.6 

52 518 10 

58.5 471.5 8.1 

31 239.5 7.7 
29 245 8.4 

32 288.5 9.0 
38.5 209.5 5.4 
31.5 199 6 « 3 
23 178 7.7 
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63 


29 


268 


9.2 


64 


35 


196.5 


5.6 


65 


20.5. 


219 .5 




66 


26 


291.5 


11.2 


67 


156.5 


1256.5 


8.0 


68 


132.5 


1045 


7.9 


69 


138.5 


1101.5 


7.9 


70 


397.5 


1726 


4.3 


activity 


expressed as 


f lourescence 


units/hr/10 6 



protoplasts . 

The ,0s* Show ft* «- « •» ^I^SS^>" 

chlorobenzene sulfonamide. 



EXAMPLE 21 



T^useot ar Hnn V ^.ch.oroben Z enesu l fonamide to Induce Expression of the Petunia gene P6J. 

in Transgenic Tobacco 

~ The 5 and 3 end mapping data in Examp.e 5 

promoter fragment and a 2.2 kb downsfre ^agment oHhe ptfun* PBQjnj. The^ ^ ^ 
transformed into tobacco to determine both rf th.s pel unia ™* ™S ed and cherniC aiiy induced 
necessary for chemical ""^^^^.Ki^SS^-d iigated into the Bam Hi 
in a heterologous plan «^J^™ ^^JEw used in this exampie is but one of a large 
site of the binary vector pAGS135. The binary ' veci ^ *?~ niiroose D AGS135 is a cosmid binary vector 
number of binary vectors available that could be ^^^d^SS? £d contains M and right borders 
whose replicon is derived from the MU M [^^^^^^dL Elzen et a... Plant Mol. 
fragment from the octopine Ti plasm.ds pTiA6 and pTOdft incorporated 
Biol 5: 149-154 (1986)]. The border fragments f ^^^^^^sS^atfon. A chimeric 
into the host plant genome during the f^^J^SfS- linked to the nopaline 

marker gene (consisting of a ™ om V an ^Z^"*?* jSe. wXydn resistance in plant cells is 
synthase promoter and the octopine synthase 3 end) which sp^skanamyar NpT|| 

positioned'between the left pAG^ difS's Imm the P»asmid P AGS112 

gene served as a convenient cl oning srte .T*e £££ ^ jn tnat ^ xh 0 , in pA GS112 

[disclosed in van den Elzen et al.. Plant MoLB, o 5. 149-1 54 * ' Q , and reK:ircular i Z i n g 

downstream from the right border has been <Weted by digetfon otpAW ^ ^ 

the piasmid by self-ligation after blunting the Xho l 5 ™^%^^ n Z ^ picmn (75 ug/m.) and 
to transformed E. coli HB101, and transformants were grown on LB " ^ ^ 

tetracyciine (1 ugriff Small scale Pj^,^..^ The 

T2."5 ^T^ int SUrtSS £35 * Hind ... digests ) was such »at 
orientation of the piasmid koi* m ™ u y PU C118 sequences between th nd of 

^r 9 ^S^-A^™~ K —on «. c*d (Figure * 
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Transformation of Tobacco with the Petunia PtM Gene 

Th o.asmid P627 was mov d into Agrobacterium tumefaciens (AL4404/ P AW4M) by a ^Parental 

^ b d a r<s^ 

£2? con^g 500 »g/l ctfotale and rotating gently for ^T^^^T^Z^ E 
on medium containing 100 u-g/l carbiniciilin and 300 mg* MS mL sS. 

anoeared after 2-8 weeks and were transferred to rooting medium (0.5X MS major salts. wi& minor sans, 
fron T% sucrose , ol% agar, and 2 uM indolebutyric acid). Eight independent transformed plants were 
Generated P^te^ to the greenhouse and grown hydroponicaiiy in the apparatus 

Zribe?fn S 4 when they became 2-3 inches tali. Two piants that had been regenerated from ce.i 
culture, but not transformed were also transferred and included as conrols. 



Expression of the P6.1 Gene in Transgenic Tobacco 

■n»« .eeta following » Mrcfor ol Wonmed m> «onwl plants fo *• «^ 

The SenhTuse T2-3 days to let roots still in the foam to grow out. Plants were then transferred to the 
Jht a^ grown to maturity. RNA was prepared from root tissue as described earl.er^^pmte^on 
ana ysTs wis then performed as described in Example 4 to determine the inducbility of the = ™ 
nSa aene as well as the endogenous T2 gene in transformed plants. The probe used for this analyses 
wTpreS"ed^y IgSing ^the plasmid P61 1 to comp.etion with Pvu I. and synthe^ing an RNA probe 
c^m P rmenCto the coding strand of the P6.1 mRNA using T3 RNA polymerase The PvulT *«e«xurs 
isn bn from the 3' end of the Eco Rl fragment in P611 and therefore should genreate a protected fragment 
oM50 £ « *e induced petunia gene is expressed in tobacco. All eight transformants demonsfratod 
ind dbleWession of the transferred 9 gene in their roots (Rgure 26). These ^^^^ 
4 5 kbo oetunia genomic DNA fragment contained all the elements requ.red for mduction of the Qene by n 
{ ^o^Z^oro b e n zeneLo n ^6e, and that this inducibility could be transferred to another 



species. 



Expression of the P6.1 Gene in Transgenic Tobacco Callus 
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endogenous tobacco T2, gene by ^ "2TK 

using the RNAse protection analysis H*nM ^J^™^" while strong expression of both 

transforming petunia gene were The levels of xpres- 
genes was observed in N-(am.nocarbonyl)-2^toroben2er«sul^ami^ 

level of transformed callus tissue. 



TO 



EXAMPLE 22 



, 5 of M,^ i ^ fl r hn nv.w 2 .ch.oroben 2 enesu«onamide to Induce Exgession of Recon^jnant Petunia 

g6neP6.l" promoter/GUS fusions in l rangenic ToDacco Pjants 

Construction of P655 

(tegmenta were separated by agarose gel electrophoresis. ■ D(omoleI M8rr »M 

rerLblnan, gene oonslstlng ot . SUS On, regten <^*£^\%££££? m derldbed 

LB plalea containing 10 ug/ml «i«y<*» j srnan scae pies m o p p- ,,as found 

tetreoycline-resisterrt polonies and subjected te digestion with hand III and Barn _™ unm eco y 
ma. Lteteed .he deaired 3* kbp DNA ttegntenl in ^JT^^I^S. enTcouM be 



25 



30 



35 



40 



27). 

46 Construction of P661 



50 



The memod, used te create the ^.^^ATgc^^X""^ 255 



27). 

55 Construction of P662 
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10 



15 



20 



25 



30 



35 



40 



45 



Construction of P663 

" The tneWds used to create the ptesmld ^^iSSIiW'-W SSS 

(Figure 27). 

Transformation of Tobacco with Pggl. P662. and P663 

The p.asmids P656. P662. and P663 we = ed ,nto 
using the triparental mating procedure and tobacco (SR1) leaf P'^s we re nan 
four chimeric GUS/P6.1 fusions using the procedures descnbed .n Example 21. 

Induction of GUS acttvity by N-faminocarbonyi^-chlorobenzenesulfonamide 

eart,er- • ~, i„ ioo ™iri GUS assav buffer (50 mM sodium phosphate pH 7.0, 10 mM DTT, 

Roots were homogenized in ice cold GUS assay «nnr«N i m k rem oved by 

0.1% Triton X-100. imM EDTA using a DouncjWj^ 

centrifugation. Ruorometric GUS assays wer e pert on^W aP eri ™ n ^ ave|e tn o1 455 nm . A 
o, MU into 950 ul 0.2 M N«CO, end mawalng the £°»«*£>- „ „, ^ subslrM , „ ? M 

WHd Ccinteesto Bfflllent Btoe 6 In 8.5% P*"**"* *SS^W)KA« . ptMetn 

seen when tosdna pdmety tr.netorn.ents tot the expreesran ot a transtormlna gene. 



50 



55 
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TABLE 10 



N-(aminocarbonyl)-2-chlorobenzenesulfonamide Indu 
Expression in Tobacco Plants Transformed with Pe 
Promoter/Gus Constructions 


cible GUS 
tunia P6 






GUS ACTIVITY 
(FU/ug-min) 




Plant # 


Promoter 
Size (in bp) 


Uninduced 


Induced 


Fold 
Induction 


P663/1 

P663/10 

P663/11 

P663/17 

P663/36 

P663/81 

P661/105 

P662/44 

P662/55 

P662/65 


1300 
1300 
1300 
1300 
1300 
600 
600 
300 
300 
300 


7.4 
3.1 
6.7 
8.5 
31 .5 
45.8 
4.3 
2.2 
25.8 
2.9 


13.6 
8.9 
21 .0 
44.9 
31.2 
102.1 
7.0 
7.8 
76.6 
5.1 


1.8 
2.9 
3.1 
5.3 
1.0 
2.2 
1.6 
| 3.5 
3.0 
1.7 



EXAMPLE 23 



The ■ - -< ^n.^h.orobenzenesu.fonamide to Induce Exp ression of Recombinarrt Corn 2J. 

Promoter/GUS Gene Constructions in uangenic Topacco 

Construction of pJE518 and pJE519 

The recombinant 2-1/QUS gene contained in f^^^^^SSSS^^ 
Agrobacterium mediated transformation. The P^d pJES 6 a ^f 2 !f f ?agmenV6US/1.1 kbp of 

Xno . and the resulting 6.0 kbp DNA fragment cons,st "9 * » 3top * ISvSSo fragment from pJE516 
2-1 gene 3 downstream fragment was gel purified^ Th,s P^VtjT™ ™° ^or pJJ2644 is but 
was then ligated into the Bam HI/Xho I site of the bmary jector pJJ ^JJ^^xaSe « was derived 
one of a large number of binary vectors that be ^n this ex ^ p ^ 

from the broad host range vector pRK2 ^^^eZZ^eTtoViSZi righ T-DNA borders, 
the Agrobacterium l'.2 promoter and nopahne betwe en me *n 9 ^ 

The HYG gene specifies hygromycin res,stance « ^*»Z to r cloning. The Xho I sit 
downstream from the HYG gene to provide a set of "^J^^^ me vector pAGS502. The 
downstream of the T-DNA right border was removed as described earlier for tne 

teS °T S 3 Sfwi^SelSTco^Uon w«h Bam HI and H P a I. This excised a « Mta 
ONA^gS to^rvSrnsilg of a ^J^^^^ HVHpa flTp!, 
^T^^^^^^^ were used to transform 

tobacco (Petite Havanna). 



Transformation of Tobacco 



i«io anri 0 JE519 w re mobilized from E. coli HB]01 into Agrobacterium 
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70 



75 



P ,asmid P AL4404 were grown h Mln^a, A jjj-J ^^^TS^X^ 
NaCitrate«2H 2 0. 1 ml 1M MgSO*'7H 2 0. 10 ml 20% g J^^ W mo| J fiOT j B1 8 and pJE519) were 
pRK 2013, and E. ooU HB101 strans harboring the P^mids to ^ m ° D ^ plated on LB plates, 
grown overnightTn Lbroth. Equal numbers of esuWng bacterial suspended in 10 mM 

and allowed to grown at 28 C «mHLA .loop g^JZ^J^^^ , U g/m. tetracycline 
MBKk. Plated at 1*. 10£«M0 2 3 dls sTngle £m rowing on these plates were streaked on 

asrsr sit " si — ^ 

were grown from these peaked colonies in mi nimal ^^^^^ ^ ^ had ^ grown in Magenta 

Leaves were taken from 3-4 «nch tall tobacco P'^ (Pet it na ; were ^ 

boxes and cut crosswise into approximate^ mmj^^^^ ScuWvatlon plates. Bacteria, 

dipped briefly into the 2225^!^ ^NO^ 0.44 g/l CaCI 2 *2H 2 ). 0.37 g/l 

cultivation plates contain MS salts (1.9 g* ^O. 6i» mg/l H3BO3. 0.84 mg/l 

M gSO.«7H 2 0. 0.17 g/l KH 2 PO*. 10.3 mgn ZnSO* 7*0. 1M ^ Coa ,. aHl Oi 37.2 ug/l 

n. 0.2 5mg/l « c^^\-ni G\ M^itaminMI nicotinic acidT 10 ug/l thiamine HCI, 1 Itg/I 

[J*^ • ™ 8 9fl a9ar ' 01 naPtha,eneaCetC 

20 leaves by shaking them for 3 hours wrth Hqujd MS mj*^«j-m Qn MS medium 

but without agar) containing 500 ug/l cefotaxime. The leat P»«« g nd incub ated under the 

chaining 100% vancomycin ^^^^^Sf^ mol Tese shoots were 
same conditions described above. Shoots *^* n * a J^V!?J ug/) hygromy cin when they were about 

:rr^r:rr^r« i 3 ^. -a* - — - 

inches tall before being moved to hydroponics. 

fcggg Q, gUS by N.-^minocarbonvl^-chlorobenzenesulfonamide 

Seven plants transformed with the PJE518 -f"^ 
construction were transferred to the y^^^J^^a^^TSL removal of small samples 
grown hydroponically until they had developed ^^neSlrt^ the root material from each plant was 
without destroying the plants. At this PrL^STt^STS^ ™ys Staining 0.5X Hoagland's 
harvested and frozen in liquid nitrogen. The plants were theni moveo navy Q f incubation in the 

solution with 200 mg/i ^aminocarbony.^ each plant. Root 

ttZtXttttXE^JSL wasted for GUS activity. P.ants were then 
transferred to soil in pots and ^A^S^GUS^yTuffer (50 mM sodium phosphate P H 7.0. 10 

was then measured after 0, 1. 2. and * ^l^S ptents transformed with the pJE 518 
The results of this analysis are shown .n Table 11 « p ™ foI|ow! treatment with N- 

and the pJE519 construction show up to a "^"JJ?"^ SJ."^ Jon of f» recombinant 2-1 
(aminocarbonyD-2-chlorobenzenesulfonam.de. The vanaMrty seen in tne e > P expression of a 

promoter/GUS construction is common ly seen wb ^^ ^^^^^ent were both 
transforming gene. The plants showing the h^^^^S^Wna from backcrosses of a number of 
self-fertilized and backcrossed to Petrte Havana Jrim ^ S ^ S ™ygromycin selection. After a root 
these plants were germinated and grown « J^f^^S^ Tend incubated overnight on rooting media 
strucure formed on each plant, root pieces of each ' were performed on extracts of 

with or without N-<aminocarbony.^ from ^ progeny of 

these roots on the following day. ^ re ^^ b ^ n ^ u £SmWe Inducible GUS activity, with two 
the backcrosses show N-(aminocart»nyiy-2-chto^ of ^so 

■ ^Zt^^^^^^S gene In response to the both hydroponic 
and foL application of N-(aminocarbon y l)-2-chlorobenzenesulfonam.de. 
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TABLE 11 



N-(aminocarbonyl)-2-chlorobenzenesulfonami- 
do Inducible GUS Expression in Tobacco 
Plants Transformed with 2-1 Promoter/Gus 
Constructions 


A. Transgenic plants containing pJE518 
construction 




GUS ACTIVITY 
(FU/ug-min) 




Plant 
# 


Uninduced* 


Induced* 


Fold 
Induction 


518-1 
518-2 
518-3 
518-4 
518-5 
518-6 
518-7 


1.0 

1.2 

0.67 

2.9 

0.72 

0.74 j 
0.67 


1.9 
1.8 
89 
5.5 
0.24 
2.4 
5.0 


1.9 
1.5 
13.0 
1.9 
0.33 
3.2 
7.5 


B.T 


ransgenic plants containing pJE519 
construction 




GUS ACTIVITY 
(FU/ug-min) 




Plant 
# 


Uninduced* 


Induced* 


Fold 
Induction 


519-1 
519-2 
519-3 
519-4 
519-5 


0.75 
0.70 
0.41 
1.56 
0.39 


1.8 
1.1 
1.3 
7.2 
3.9 


2.4 
1.5 
3.2 
4.6 
10.0 



transformed plants with 200 mg/l of 
N-(aminocarbony))-2-ch1orobenzenesulfonamtde 



40 



TABLE 12 
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GUS Assays for Backcross Progeny GUS Activi 


ty (FU/mg-m 


n) 


Plant 


Cross 


-D5293 


+ D5293 


Fold 
Induction 


Fold Induction 
of Parent 


801-3 

801- 4 

802- 5 

802- 6 

803- 5 
803-6 


518.2 X Petite Havana 

518.2 X Petite Havana 
5.8.6 X Petite Havana 
5.8.6 X Petite Havana 

519.3 X Petite Havana 
519.3 X Petite Havana 


1.04 
1.03 
1.39 
1.46 
0.20 
0.16 


4.4 
5.3 
7.9 
4.8 
2.0 
1.5 


4.2 
5.1 
5.7 
3.3 
10 
9.4 


1.5 
1.5 
3.2 
3.2 
3.2 
3.2 
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EXAMPLE 24 



10 



15 



ot M.^inocarbonv.^orobenzenesuHonamide to Induce Exgessjon of R^ombinant Genes 

Dnderlhe -Contfol of the Corn 2-2 Promoter m jransgenic lobaccp 

Construction of pJE573. pJE578-1 and pJE57gg 

20 the binary vector. 

Construction of pDuPU3 

into the binary vector pZS96 to yield the plasmid P DuPU3. 
Transformation of Plants 

performed as described in Example 23. ^ . ... ^ ffrnm E coli HBn0 i into Agrob acterium 

SKS by celfuga^on ^OX ^i™ 

broth. Matings were performed by rnbong 100 ul I of d£ Dhte were placed on 6-8 sheets of 

aliquots of the mixture onto sterile Mdhpora type HA nrtrocellulose ^disks D ^were p a 
sterile Whatman #1 filter paper to remove excess kjptf from ^"^l^^f^^ wasWfrom the 
mm petri dishes. After incubation for approximately ■ 16 hours at 30 .ft ^ ri * ™* SQ4 . ^ e 
nitrocellulose discs into sterile 4 ml polypropylene cuKu« 1 tube _us.ng inUol ^^^^ eacn rt 
were serially di.uted and various «^ «« ^^caTe from resistant 

SST^SlKrS ~JJ-S£lSi! by SouZm blot ana,y,s of r, plasmid, 
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Transformation of Plants 



Constructions were introduced into »e ^^J^^^^^^Z^ 
disk, Standard aseptic techniques for the mamputeton of ster ^me*a *» "eat disk 

were followed, including the use of a lamnar flow hood for all ttw^era. Potte a to a cc p 
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TO 



75 



Hoffman. N. U Eichholtz. D.. Rogers S 6.. and FraleyJR^ -0 ^ »£» 227. ^ 
Young 4-6 inch partially expanded leaves were harvested with a^ scalpel «™ * f 10O/5l 

interest. After inoculation, leaf disks were placed m petr, dishes " J mr H 5 8) . The 

!r , jrjri , ^ , ^^f -i^^f - - - 

transferred to soil and grown in a growth chamber as described above. 



;2 H^nfgUS Activity in Plant Transformed with Bglucojonidase Gene Constructions 

m ip<:rt OJE578-1 and DJE578-8 constructions were grown hydroponically. 

Plants transformed with the JE573. pjta/u i ana (w"'"- inHlirtlnn nf Gus ac «vitv as 

treated with 200 mg/l N-(aminocarbonyl)-2-chloroben Z ene and assayed for the .nduction of GUS actrv.ty 

described in Example 23. number of Dlants transformed with the JE573. 

30 foliar application of inducing compounds. 
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TABLE 13 



Plant 
I.D. 


GUS Specific Acitivity 
(fu/ug protein/min) 


Fold 
Induction 


X Progeny 

Segregation 

Kan-R/Kan-S 


#of 
loci 


rr\MCT 


cnir/rs73 




4 

5 
6 
8 
9 
10 

■* 4 
11 

12 


0.54 

1.25 

0.50 

0.45 

0.016 

3.73 

0.42 

0.35 


1.12 

3.62 

3.06 

1.76 

0.128 

5.34 

1.40 

1.54 


2.1 
2.9 
6.1 
4.0 
8.0 
1.4 
3.3 
4.4 


90/11 
39/16 
102/4 
38/13 
0/50 
100/18 
36/3 
63/6 


2 
1 
3 
1 

0 A 
2 
2 
2 


CONS1 


"RUCT 578-1 




13 
14 
19 
27 
32 
35 
37 


0.006 
0.003 
0.094 
0.062 
0.272 
0.004 
0.018 


0.003 
0.003 
0.128 
0.127 
1.445 
0.002 
0.145 


1 
1 

1.4 
2 

5.3 
1 

8.3 


41/22 
NA 
118/4 
45/19 
53/24 
NA 

| 52/16 


1 

NA 

>2 
1 

NA 
1 


CONS 


TRUCT 578-8 








6A 
6B 
7 
9 
10 


1.86 
1.18 
0.79 
1.45 
4.83 


6.19 
2.73 
1.80 
4.20 
6.25 


3.3 
2.3 
2.3 
2.9 
1.3 


46/14 
80/35 
125/0 
NA 
121/8 


1 
1 

>2 
NA 
2 



induction of Herbicide-Resistant ALS in Plants Transformed Wjth pDuPS22 
Piants'tr^ 

.eaves ^re ha^ed from each p ant One Jed was p in liquid. The second leaf was 

solution such that 2 C ™ H^la^d's containing 200 mg/l N-<aminocarbonyl)-2 chlorobenzenesul- 



sequence 
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5 ■ -GATCTATCGATCCATGGTCTAGAAAA-3 f 

3 ' - ATACGTAGGTACCAG ATCTTTT- 5 9 . 

identified that contained desired sequence 

5 • -GATCTATCGATCCATGGT-3 • 

3 • -ATACGTAGGTACCAGATC - 5 • 



encoding a Cla I site and an Nco I site inserted into the pSP64 Pinker linearized dTSN TC using 

A 520 b labelled antisense ALS RNA probe was prepared from Eco Rl »J»™*« P „^Xmded 

as plus or minus after three weeks of growth. Results are summarized below. 



No Selection 

10ppb Chlorsulfuron 

10 ppb Chlorsulfuron + 100 ppm D5293 

100 ppm D5293 



16/1 6 formed callus 
12/16 formed callus 
0/16 formed callus 
0/16 formed callus 



Protein extracts were prepared from .eaves of a number of kan^ycin 
with N-(aminocarbony.)-2 chtorob^enesuHonamide an ^^^^^^te ^Taction of 
Chaleff and Mauvais [Chaleff R. C. and Mauva.s C. J. ^]^f^ X ^ f ^^ S ptoci[iCti ace toin. was 

herbicide, is f™«*** Table 14. in ^ , ev el of chlorsulfuron-resistant 

These results show that two oftne seven P«™»» documented biological mechanism 

sufficient express.on of the r sistant ALS gene was o«»mea untre ated plants transformed with 
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. lkrfho *j 2/ALS and 2-2/GUS gene constructions. It is expected that a number of plants 
2Z ^ucT^^. n 9 a larger population of 2-2/ALS transformants is stud,ed. 

TABLE 14 



10 



15 



20 



25 



30 



35 



40 



Plant 



OD 530 - No I OD530 - 100 ppb % Uninhibited] 
Herbicide I Chlorsulfuron I Activity 



Untransformed 



Untreated 
Treated with D5293 



0.204 
0.267 



Transformant #44B 



Untreated 
Treated with D5293 



0.333 
0.385 



Transformant #53A 



Untreated 
Treated with D5293 



0.244 
0.331 



Transformant #61 A 



Untreated 
Treated with D5293 



0.376 
0.912 



Transformant #63A 



Untreated 
Treated with D5293 



0.457 
0.835 



Transformant #74C 



Untreated 
Treated with D5293 



0.859 
0.400 



Transformant #79A 



Untreated ! 0- 492 

Treate d with D5293 I 0.366 

Transformant #93A 



Untreated I 0.324 

Treated with D5293 I 0.989 



0.010 
0.034 



0.306 
0.365 



0.251 
0.312 



0.347 
0.901 



0.178 
0.732 



0.822 
0.408 



0.309 
0.325 



0.313 
1.003 



5 

13 



92 
95 



103 
94 



92 
99 



39 
88 



96 
102 



63 



97 
101 



EXAMPLE 25 

45 " 



50 



55 



Thr use - K.^^^^-chiorobenzenesulfonamide to Induce Expression of a Rgcgmbir^nt W 
Promoter/GUS Construction in Transgenic Srassica 

Standard aseptic techniques for the manipulation of sterile media and axenic plant/bacteria, cultures 
were foUowed. including the u^e of a l^jnar flow ^^J"2£ jn 70% 9tnanol for three minutes 

distilled water thre times and planted at a density of n.ne seeds °™ ™ buffer 9 md 0 . 8 % 
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w 



15 



20 



23) ««• °»° m, 9 M TTZi^ SI* Sions a™ added: 1 ml of 1 M 

bh« srjssL wjrsr :s- - - — - — 

plasmid specifies bacterial tetracycline r^.stence_ |ant media (MS salts. Gamborg's B5 

*js. ffssr.'ars t - 28 * 108 — usin9 - op * c * 

density of the culture at 550 to estimate the bacteria. J^*S*lum suspension and then placed onto 
The hypocoty. sections were regeneration media (MS salts. B5 

sterile Whatman #1 filter P^jchtad ^teced^ top ^ Haz.eton TC agar). The 

vitamins. 3% sucrose. 3 mM ME8 tafljr. J^J2SoKrtiHum for two days using the same temperature 
hypocotyl sections were then cocultivated wtfv ^SmSTSS ayers were used. The occupation was 
and light conditions used for the seed ae^natioaNo 'fetes JKuid callusing medium with 500 mg/l 
terminated by transferring the hypocoty. sections - ^£^tol >oulflv . hours, 
cefotaxime and 200 mg/l vancomycin and gently s ^ n ^ s ^ edium with 5 00 mg/l cefotaxime but no 
The hypocotyl sections were transferred to ^T^JZb ki||ed ^ that the transformed cells 
selective antibiotics for four days to ensure .that *Vg^E3hTS» applied. On the fourth day. the 
could recover from the agrobactenum rirf. ^jjtecjonj {Qeopen) and 20 „ 

hypocotyl sections were transferred to r ca " u ^'"9 ^ J m p^ re ^ime was the same as that used for 
hygromycin B as the selective armb.otic^The be seen growing from 60-/. o 

seed germination. After 24 days on selection ^ green ^ ™° tra nsformation.consisting of hypocotyl 
the cut ends of the hypocotyl sections. The ;«2»*«£™w ^ on med ia with selective antibiotic. 
25 sections not exposed to Agrobactenum from the hypocoty. sections. The 
After 30 days, the call, were large enough (1 to .a i mm) xo o vitamins. 3% sucrose. 3 

. ^rT^ST^^rrsTd s. » t-, ~. — - - 

media for rapid organogenesis. rt i amet ers have reached at least 0.5 cm by transfemng 

P,ants will be regenerated from call, when the.r diam ^JT 9 ^ ^ Kn medium consists of K3 
them to KR medium containing 500 mg/l Geopen and 20 mg/l hygro ^ NH.HOa. CaCI 2 

major satis (35 mM KNOa. 1 mM (NH0.8*. 1 ™^ ts M f 5 ^ 0.025% xylose. 3 mM 

35 added to 6.3 mM after autoclaving , MS • ^STS " • « two week intervals, the outer 

MES buffer. 0.1 mg/l IAA. 2 mg/l zeat.n.0.25% 'Tffarrfftey will be transferred to fresh media. When 
layers of the calli will be trimmed off wrth a scalpel and ™*™» ™ transferred to Magenta 

shoots have regenerated from the , «* they 1% sucrose. 3 mM MES 
boxes containing rooting medium (0 5X MSsatts. J^^™^ vitrified, the lids of the boxes 

«o buffer. 0.8% TC agar. pH 5.8) contammg^ ethylene to escape. 

45 enzyme activity upon chemical treatment. 



Example 26 



50 



jnductfon of the 2^ 2* and 5* corn genes in vjvo by ^ Cornp^ 

The ablltiy at various substituted J— ^yS^S^JSS 3E= 

ss of the 2-1. 2-2. and 5-2 genes of Mlssour '^ cor "^ n f: , o^ne ten* day. plants were transferred into 
hydroponically in 2 liter beakers as described ,n Lue was harvested from the 
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until analyzed. 



Slot Blot Analysis of RNA from Chemically Treated Corn Plants 

meneded procedure. Replicate blots were preh yb IjJJfJ^^J^ were washed 

presented in Table 15. 
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TABLE 15 



compound- • 


In 2-1 


Tn 2-2 


In 5-2 








l 


204 


332 


47 


2 


111 


270 


58 


3 


70 


260 


61 


4 


295 


237 


76 


5 


296 


136 


59 


6 


244 


135 


53 


7 


251 


129 


72 


8 


173 


1?1 


47 


9 


53 


110 


33 


10 


203 


94 


63 


11 


102 


70 


36 


12 


49 


8 


14 


13 


60 


1 


55 



•The names of the compounds tested for induction 
of the 2-1, 2-2 and 5-2 promoters in corn roots are 
listed below. All compounds were used at a 
concentration of 200 mg/1. 

1. diethyl [ [2-[ (butylaminocarbonyl) aminosulf onyl] 
phenyl] ] phosphonate 

2. N'-[2-(n-butylaminocarbonyl)]-6-chloro-N,N- 
dimethyl-l,2-benzene-disulf onamide 

3 . N-isopropylcarbamoylbenzenesulf onamide 

4 . 2-chloro-N-(methylaminocarbonyl)benzene- 

sulf onamide 

5. n-(aminocarbonyl)-2-chlorobenzenesulf onamide 

6 . i-cyclohexyl-3-methylsulf onylurea 

7. i-butyl-3-methylsulfonylurea 

8- 2-chloro-»-[ t 3-{2-et^oxyethoxy) propyl] amino- 
carbonyl] benzenesul /.onamide 
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T^bt.r 15 (continual 



9. 

10. 
11. 
12. 

13. 



2 ,3-dichloro-N-[ (cyclopropylamino)carbonyl] - 
benzenesulfonamide 

methyl 2-[ (aminocarbonyl)aminosulf onyUbenzoate 
N-(aminocarbonyl)-2,3-dichlorobenzensulfonaroide 

2 , 3-dichloro-N-[ (cyclopentylamino)carbonyl] - 

benzenesulfonamide 

N-( aminocarbony 1 ) -4 -( 1 , 1-dimethylethyl ) -2- 
nitrobenzenesulfo'nanide 



Tha racnnn o iveness 0 f the 2-1 2-2 and 5-2 genes of Missouri 17 corn to hydroponic application of plant 
horn^^r^d Sou corners aLciated with plant stress was examined, .n additior k the 

rSprien^ss oTthe corn genes to stress stimuli was a.so examined. The results are summanzed ,n Table 
16. 

TABLE 16 



PLANT HORMONES 


In2-1 


ln2-2 


ln5-2 


Abscisic acid (100 ppm) 

6-Benzyladenine (benzyl amino purine) (100 ppm) 
2,4-dichlorophenoxyacetlc acid (100 ppm) 
Gibberellic acid (100 ppm) 
Indole acetic acid (100 ppm) 
Indole butyric acid (100 ppm) 
Naphthaleneacetic acid (100 ppm) 
p-chlorophenoxyacetic acid (100 ppm) 


+ 
+ + 
+ + + 

+ + + 
+ + 
+ 
+ + 


+ 

+ 
+ 

+ + 


n/a 
n/a 

+ 


STRESS STIMULATION 








Acetylsalicylic acid (200 ppm) 
NaCI (100 mM) 
Proline (20 mM) 
Salicylic acid (200 ppm) 
Salicylamide (200 ppm) 
Urea (100 mM) 


+ + 

+ 
+ + 


+ + 
+ 


+ + 
+ 



. , u„ n . 4. J.**" Thi«? was correlated to the level of induction 

^StSTcO^VT^^™"^^ M « Inducing «^ 

Example 27 



Response of a Recombinant Gene Whose Expression is Conttolled by * |* * 5HSf«*** 

bg^uifonlirlSd^^ 
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10 



15 



The «* of various subs*, d Y*"-— 
sion of recombinant genes cons teHng of ^^^SS. Dotal concerning establishing rice 

Z^TcZX^ VS22SVEL. - - -> - « - 

^pr^rrJere transformed with the [— 

wtth different compounds at a concentration ol MOO ug** ^^^^^^^ons^ated the 
the results of two such analyses. A number of "f - ^ JJ^EJ^ , am , n ocarbonyl)h6-chloro-N.N- 
ability to induce QUS activity in transformed protoplasts. w.th N -[2-(n butylaminocaroony jj-o 

dimethyl-1.2-ben 2 enedisulfonamide being most acbve _ |fonamides t0 induce the expression of a 

In this example, the ability of the various subs* ™f d benzenes u wnam with ^ 

recombinant 2-2 promoter/GUS ^onstnicton ,n ^ 3 ^^ CSSenols 2-1 and 2-2 genes in 

^i^wV^ 

eb^t^ - ra,ated 

compounds in whole plants. 

TABLE 17 
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COMPOUND 



1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 



Assay 1 



0 
1 

7.67 
29.8 

8.7 
N/A 

8.9 
27 

7.4 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 



Assay 2 



0 
1 

N/A 
N/A 

6.8 

4 

5.4 
14.5 
11.2 
1.6 
3.6 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 



Assay 3 



43 



17 
16 
27.3 
24.1 
30.2 
16.6 
1.6 
5.2 
38.6 
24.2 



AVE. 
INDUCTION 



0 
1 

7.67 
29.8 
7.75 
4 

7.15 

20.75 
9.3 
1.6 
3.6 

17 

16 

27.3 

24 

30 
16.6 
1.6 
5.2 
38.6 
24.2 



50 



55 



The chemical names of the compounds tested for induction of the 2-2 promoter/GUS fusion are .isted 
below: 

1 . NO ONA 

2. 35S-GUS control 

3 methyl 2-[(aminocarbonyl)aminosulfonyl]benzoate „ .. o 

5 N-(aminocarbonyl)-2-chlorobenzenesulfonamide 

6 ^ir^aZlyO^Kl .1 -Dimethy lethy D-2-nitro-benzenesuHonamide 

7 N-(aminocarbonyl)-2,3-dichlorobenz nesulfonamide 

8 2^cb1ora-rH^ 

9 2-chloro-N-(methylaminocarbonyl)benzenesulfonamide 
10. a-[(1,3-dioxolan-2-yl-m thoxy)-imino]benzeneaceton.tnte 
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11 phenylmethyl 2-chloro-4-(trifluoromethyl)-5-thiazotecarboxylate 

12. methyl 3-[(butylaminocarbonyl)-aminosulfonyl]-2-thlophenecarboxylate 

13 methyl 2-[[(butylamino)aminosulfonyl]-6-chlorob nzoate 

14 methyl 3-[(butylaminocarbonyl)amlnosulfonylh2-furancarboxylate 
15!N-[(butylamino)carbonyl].3-methyl-2^ropylsulfonyl-ben2enesulfoiw aHienlfnnamide 

1 7 2-methoxy-6-methy l-N-(methy laminocarbonyl)benzenesulfonamide 

1 8*. N.N-dimethyl-2-[(aminocarbonyl)aminosulfonyl]-3-pyridine carboxamide 

1 9. N-butylaminocarbonyl>-4-chloro-3-pyridinesulf onamide 

20. N-(propylaminocarbonyl)-2-pyridinesulfonamide 

21 . 2.6-dichloro-N-[(1 .1 -dimethyl)aminocarbonylh3-pyridinesulfonamide 



Example 28 



induction of the Petunia P6 Gene and the Tobacco J2 Gene by Salicylic Acid 

Petunia and tobacco plants were grown as described in Example 5 and treated hydroponically with 
mZ^r^T^SL^nyiy^o^o^^mide or 100 mg/l of salicylic acid for 2 4. 6 

22 hours Total RNA was isolated from the roots of treated plants and analyzed for the expression of 
PG mRNA by p^on as described in Examp.e 4. P6 RNA was detectable by 2 ho«r toltowlng 

N^aminocarbonyl)-2-chlorobenzenesulfonamide treatment and reached max.mum levels by 6 hour^How 
eveTmaximal levels of P6 RNA were seen by 2 hours following salicylic acid treatment, and I *.s tevei 
dSnedTthL sSn in untreated plants by 6 hr. This result may suggest a different mode of action for the 
chemicals. 



UTILITY 



The oromoters shown in figures 2. 4. 5 and 7 are useful for regulating the expression of structural 
oenToplX^T^To^oters derived from the genes in response to the externa, applicaton o 
c^mDou^of the Formulae I-IX. Regulation of genes is achieved by application of the compounds of 
SZrSx to trans^Z Plants containing chimeric genes coning * ^£2.' 
product to be regulated operably linked to promoters described in figures XX-YY and J^denvatves. 

A number of method are available for application of the inducing compounds descnbed heremjhe 
inducer may be applied directly to the crop seed. The seeds may be uniformly coated with the > inducer 
ico'dng to s£nd*d seed treating procedures prior to planting. Alternatively, the inducer may be apphed 
over me the exposed seeds in open furrows at planting, just prior to covenng the seed wrth soil (in the 
ZJ, iZSte inducer ma'y be applied post-emergence ^at the specific ^^^^SX 
desired oenefs) is appropriate. Post emergent application may be directed so that the inducer js 
USS to S crop. The amount of inducer wil. vary depending on the specific inducer and the method of 
aoolication used The crop species and cultural practices may also have an effect. 

^s exported ^iTat regulating the temporal expression of genes responsible for a number of plant trai s 

rnactivtted E Xa ^es rt such" herbicide resistance genes include resistant forms of the acetolactate 
synthase gene (sulfonylurea herbicide resistance), the tencodina 
Senolpyruvylshikimate-3-phosphate synthase gene (glyphosata resistance), and the BAR gene (encoding 

B ^oXo S J"g C 1he expression of gen s conferring pathogen and .nsed t ^stenc * * 
agronomic benefit. By limiting the expression of these resistance gen s to ^ «mes in J* P"^*£ 
when infestation occurs, on would limit the rate of appearance of resistance to the gene product in tne 
pe« Ration by Smiting the expression of the resistance genes to short periods of tome. Restnctng the 
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25 by the pulp and paper industries. 
Claims 

1. A nucleic acid promoter fragment inducible by a compound of Formula MX: 



TO 
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O 

O I R S0 3 NHCNHR 
O a NHCr.KH 
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VI 
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or 




IX 



wherein 

X is H, F, CI. Br CF 3 , or C1-C2 alkyl 
tt is H. F, CI, C,-C 2 alkyl, SOaNR'R* or C0 2 R^; 



Y is H.CIor 80.IWW, C0 2 R\ NO. ^ or C2 . C4 subst ituted with Ci-C 2 alkoxy or 

R is H. C,-C 6 alkyl, C 3 -C 6 cycloalkyl, benzyl or C 2 -C* naioaiKyi or w 2 w 



Ci-C 2 alkylthio; 
R 1 is C1-C3 alkyl; 
R2 is C1-C3 alkyl; 
o S R 3 is C0 2 R 2 ; 

R* is Ci-C 6 alkyl or C 3 -Cs cycloalkyl; 

5 l^OcTl^Z:^ cycoancy.. C,C. substituted with C,C alkoxy or ethoxyethoxy; 
and 

40 R 7 is H or C1-C2 alkyl; ftyQOS „re of Dlants transformed with said promoter 

45 group wherein: 
X is H or 2-CI; 
Y is 3-CI or S0 2 N(CH 3 )2; 

R is H. C,-C 6 alkyl or Cs-Cg cycloalkyl. compound of Formula II is a member of the 

3. A nucleic acid promoter fragment of Claim 1 wherein tne compou 

so group wherein: 

R is Ci-C* alkyl or Cs-CXs cycloalkyl; 

* \*1Z£*m* Promoter fragment of Claim , wherein the compound of Formuia ... is a member o the 

group wherein: 
55 R5 is OCH3 or NR6R7; 
Rs is H or C1-C* alkyl; and 

R7 I "a nucleic acid promoter fragment of Cairn 1 wherein said compound of Formula NX is a compound 
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ibenzenLlfonamide, and N.(aminocarbonyl)-2.3^ichloroben Z enesu fonamide. 
r a nucleic acid oromoter fragment of Claim 1 derived from a plant. 

SU9 9 rC A n n U c.eic acid promoter fragment of Claim 8 wherein said monocotyledonous plant is selected from 

region of a com gene substantially homologous to cDNA clone 2-1 deputed w,th the Amencan Type 

r.Tlture Collection (ATCC) and given the ATCC accession designation 67805. , 

^3 A nuclete acid promoter fragment of Claim 12 comprising a nucleotide sequence from the 5 
fianKing A promo" regfon'o? a corn gene substantia.* homologous to ^ do^d^^jj 
/Snericin Type Culture Collection (ATCC) and given the ATCC access.on designati on 67805 
exposure of ptents transformed with said promoter fragment to a compound of F^da JK causes 
ZeSed expression of a DMA sequence coding for a seiected gene product operably linked 3 to said 

„*. ««> *- <* p»«°" • » pos " 10 " 580 88 sh °™" " R9ure 

2 from a gene substantially homologous to cDNA clone 2-1. of 3 R3 base 

17 A nucleic acid promoter fragment of Claim 16 comprising the nucleotide sequence o 363 base 
pairs corresponding to base pairs 169 to 532 in Figure 2. or any promoter fragment substantaiiy 
homologous th^th g sequence from y, 5 < flanking 

promo*? JT- TSom gene substanJy homologous to c«^«-^ ^ - """" 
Tuna Piiitnm Collection (ATCC) and given the ATCC accession designation 67803. 
^1 FnSSTSE promoted friment of Cairn 18 comprising a nudeotide sequence from , the 5 

, promoter fragment. wherein said compound of formulae MX is a 

20. A nucleic acid promoter fragment . <f <^ 
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Andean TVp. C*~ Oo**o £™ -"J"™ C »TSS«S « Ferule WX coses 

ZSS ITS- —* — 3 B - 

compound selected from the group consisting of 2-cnloro-N 1™°™*™™™™ N-isooroDvlcarbamoylben- 

(methylaminocarbonyl)benzenesulfonamide. ™ mrwiein „ the nucleotide sequence of 889 base 

5 from a gene substantially homologous to cDNA clone **• saauence from the 5 flanking promoter 

= isrrrsr crs: rsavs. — — * - - 

promoter fragment. wherein said compound of Formula HX is a 

<amlrwcarl»nyl)-2-*lorob6<Ken.sull<«iamide. me egdeoode sequence of 595 base 

^ri?^^-^ 11 * — 595 m snmn " Baure 

8 from a gene substantially homologous to cDNAdo nel ^ nucleot , de sequence of 240 base 

homologous therewith. ., flf1 nucleotide sequence from the 5' flanking promoter 

f ,anking promoter region of a tobacco gene 'SubstantiaHy ^^^^J^on 67a£, such that 
the American Type Culture Collection (ATCC ^ give l£^T35«?!l Formula MX causes 

rrr d tfa-TSS sjssxz rss- ~ — * — 3 • - 

promoter fragment. wherein said compound of Formula MX is a 
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10 
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30 



35 



40 



benzenesulfonamide. a.^ichloro-N-KcyclopentylaminoJcarbonyDlbenzenesulfonamide. and N " 

nrr^Z^T^TT^ 37 wherein said compound of Formula ,-OC is N- 

^ST^SS^^C^^ a nucleotide seguence from the SflanKng proper 
region of a corn gene substantially homotogous to J° N ^ cl ^18. from ^ g . 

plantsfrSnsformed with said promoter 2>«^ 

(aminocarbonyO-2-chlorobenzene sulfonamide. rmrmrisina the nucleotide sequence of 1574 base 

compound of Formula l-IX causes increased ^^Zl^mA^^VasetectJoene product 
45. A recombinant DNA construct of Clajn 44 m* ™£^"£L*m. synthase. 5- 
is selected from the group cons.stng of the sw n " >to p-g. conferring insect 

eno.pyruvy.skikimate-3-phosphate synthase a gene rod u« cap jnsecticida| 

pnmot* .nwmaot of Claim 23 inserted into ft i. '•^T^^TlT^l •»*— »«» °« 
M CeMV 198 end 36S ptmom. and NCK5 end OCS P«n «^ » P » ^ WB 
AgroPectertum. the promoter 0( the small sulnnM tcj "J?"-™! ^ ffic ^m., a seed 

binding protetn genes, a root spaotBc promotar. a ^ «^f"""£* T^SUtS* promote., a 
spaonic p»mote,. . pollen specffic pramow. en ^l^ e ^^^nt.^StoJ a set^tted 
dLtt™* tegulaM pr-aow. and a f "f^"^: Zstream mgion seen that 

„ A eensgenie plen. o. Cielm 48 .oarotn told plan. » a mooocoWledonoo. ptan, selecW t»m th. 

group consisting of com and rice. dicotyledonous plant selected from the group 

50. A transgenic plant of Claim 47 where.n sa.d plant is ^ f '^donous pan cucum ber. 
consisting of alfalfa, soybean, petunia. cotton ^^^^^^Sw cauliflower, 
pepper, canola. tomato, potato, lentil, tec. broccoH -^^^^cSfee. geranium, carnation. 



veronica, daisey, and iris. 

51 . Seed obtained by growing a transgenic plant of Claim 47. 
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52. A method of causing increased expression of a selectee 1 gene fi^^ZggSl 

steps o, (a, transforming said >™^™TZt ™c££Zi 1 *L S> increase 

transgenic plant to a compound of Formula MX ana w causmy 

expression of said selected gene P rod ^^ a rft d ^'7j me se|ected gene pr0 duct in a dicotyledonous plant 

53. A method of causing .ncreased express) onof a_ ^ ne £ a recombinan t DNA construct 
comprising the steps of (a) ^ ^ Tl^f said transgenic dicotyledonous 

^t7s« to ™ of said 

selected gene product at a desired time. 
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FIG.1 



1 . GROW CORN SEEDLINGS HYDROPONICALLY 

2. ADD N^AMINOCARBONYL)-2-CHLOROBENZEN^ 
HYDROPONIC MEDIUM OF HALF OF THE PLANTS AND GROW FOR SIX 
HOURS 

3. ISOLATE mRNA FROM ROOTS OF TREATED AND UNTREATED PLANTS 

4 CREATE cDNA LIBRARY FROM mRNA FROM TREATED PLANTS AND 
REPARE REPLICA COPIES OF LIBRARY 

5. SCREEN COPIES OF cDNA LIBRARY WITH 32p. D NA PROBES MADE 
FROM EITHER TREATED OR UNTREATED ROOT mRNA TOJSOLATE 
CLONE CONTAINING SEQUENCES INDUCED BY N-(AMlNOCAR60NYL)-2- 
CHLOROBENZENESULFONAMIDE 

6. PREPARE CORN GENOMIC UBRARY 

7. USE cDNA CLONE TO ISOLATE CORRESPONDING CHEMICALLY 
INDUCED GENE(S) 

8 DETERMINE SEQUENCES OF cDNA CLONE AND GENE. IDENTIFY 
PROCTER aSd S DOWNSTREAM REGIONS OF GENE TO BE REMOVED 
FROM STRUCTURAL PORTION OF GENE 

9 ADD CONEVIENENT RESTRICTION SITES FOR CLONING (IF NEEDED) 
AND CREATE RECOMBINANT GENE BY OPERABLY LINK B- 
GLUCURONIDASE CODING REGION TO PROMOTER AND 3' DOWNSTREAM 
REGION OF INDUCIBLE GENE 

10. TRANSFORM RECOMBINANT GENE INTO PLANTS 

11 TEST PLANTS FOR N-(AMINOCARBONYL)-2- 
CHLORCBENZENESULFONAMIDE INDUCIBLE EXPRESSION OF 
RECOMBINANT GENE 
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FIG. 2 



f 
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CTACCTTCAT 


GAGACGTAAC 


TGCAGAAGAT 


GTGCTTTCCA 


ACTTCGGTTA 


51 


TGTTACCTTT 


AATCCCAAGC 


CTTCAGCGCT 


GCTGATGTAT 


GGCTTAACTT 


101 


CTTATTGAAG 


CCAAGATATC 


TGTTAGCAAA 


TAGCATGCAA 


AGATATACGA 


151 


GAGAAAATAG 


CACGCTA^GG 


GCCTTTCTAA 


TAAGAGATCC 


TTGTAGACAT 


201 


GACTTCAGCA 


GTTTAGGTCA 


TAGATGACGA 


CGACGAGTAA 


GCACCTGCAA 


251 


TGGGGCCAAC 


ACGAATTGTT 


CGTGCGTCAC 


AACGAGGCGA 


AGATGACACA 


301 


ATCGATTACG 


TCATCAGTCG 


TTTAACTCAA 


GTGCAACACT 


ATGAGGTCCT 


351 


GACAGGTGGG 


GCGCCACCGC 


AATTTATTAG 


CAGCCAGCGA 


GCGAGCGGCG 


401 


ACAGAGACGT 


GGTGGGCCTG 


TGGGGGTCTG 


GCAACCCAAA 


CGTGGAAAAG 


451 


TCATGCATGC 


ACTGCGCTAA 


AGTCTAAGCC 


ATCACTAAAA 


CACCACGCGT 


501 


ATAAATACCC 


GGACCAATCA 


GCCATGCCGG 


CAGCCGGGTC 


GCGTTTCCAA 


551 


CAGGCCAGTC 


CCCTCCCACT 


CCCAGTCCCA 


TCTCGACGAC 


ATGGC 
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FIG. 3 
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FIG. 4 



2-2 # 4 




E = EcoRI 
S = Sail 
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AGGAATTCCT 


CTCCATGGAT 


CCCCTCTATT 


TACCTGGCCA 


CCAAACATCC 


51 


CTAATCATCC 


CCAAATTTTA 


TAGGAACTAC 


TAATTTCTCT 


AACTTAAAAA 


101 


AAATCTAAAA 


TAGTATACTT 


TAGCAGCCTC 


TCAATCTGAT 


TTGTTCCCCA 


151 


AATTTGAATC 


CTGGCTTCGC 


TCTGTCACCT 


GTTGTACTCT 


ACATGGTGCG 


201 


CAGGGGGAGA 


GCCTAATCTT 


TCACGACTTT 


GTTTGTAACT 


GTTAGCCAGA 


251 


CCGGCGTATT 


TGTCAATGTA 


TAAACACGTA 


ATAAAATTTA 


CGTACCATAT 


301 


AGTAAGACTT 


TGTATATAAG 


ACGTCACCTC 


TTACGTGCAT 


GGTTATATGC 


351 


GACATGTGCA GTGACGTTAT 


CAGATATAGC 


TCACCCTATA 


TATATAGCTC 


401 


TGTCCGGTGT 


CAGTGACAAT 


CACCATTCAT 


CAGCACCCCG 


GCAGTGCCAC 


451 


CCCGACTCCC 


TGCACCTGCC 


ATGG 
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FIG. 5 



1 GCGGTCACAA TTACCCTATA TATCTACTAT ATACCAACTA CCATTTATTA 

5l TAICATATTT TTACCATACT CTATACCAAC TCCATCACAC GGCTGCTGTA 

101 CXGCTICCTT CTACTGCTAC TGTACTGGTT CTCTAGGCCC ACCTCGTCTG 

151 CTGGGAGAGA GCAGIGGCAG AGCGCTACAT TTGGCGTAGA AGAGGCGGAG 

201 AGAGAGCGTA GAGTGAGATA TAGAGTGCAC CGTTGCAGAT CTTGTCTACT 

251 OCMMHR AGCGTAGCTT TTCCAGCTGA CCACTGCGGC TAGCCTAAAA 

301 CGGATTGGGG GTACTCAGTG G8*tTOGCCGT GGGCGGTACG TCGCCCCAAA 

351 TAATTAAACG GTGCTCGATG TACCTCTACG GGACCTTTtT CAGCCTTTTT 

401 TCTTTATTTT ATTATTATTA TTTTGGTACT ACACAAGGGA CCTTTtGACG 

451 CTGAGATGAT GCCCAAAAAC AAAAGGACGC TCATCAICAG TGACGCCCAG 

501 TCGTCGCCAA GCAGCTAGCT AGCATGCCAA TAATTTTTTT CTTGTTAATG 

551 TTGTCGCAGC TGGTACTATA CTACTACTAC TACGCCGTAT ATGAATGCGC 

601 GTTTTGTCTG AIGCTCAGGC TGATTCCAIC CAATTGTCIT TCTTCTCTCC 

651 TCTCCACCCA TGCCCCGTCC GTCGOAGCAG GGGTTATATA GTGCCCGCGA 

701 ACGGACGCAG GCGCCACGAA GCCGAGAICG AGCAGCTACC TCTCCGATCC 

151 GAGGCCTGAG CGAGCGAGCT GAGGACTGCA GCCTATATAA TATCTAGACT 

801 AGAGTACACC ACAACGACGA GGCACATATA TATACACGCG GCGGCGGCCA 
SSI GATCCATCTT GGTATACACG TAATATATAT ACACGCACGA TGG 
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FIG.7A 
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GAATTCGTTT 


ATAAAAATAT 


ATCGTTCCGC 


AGGCGTTGAG 


CCTTTTTCTA 


SI 


CTAGTGATGT 


CTTCACAACG 


TTTCGAGCTT 


TTCCCTAATT 


GGCGGGTGAT 


101 


TAAGGCTTGT 


ACAC6GA6TC 


TTTCTCCTAC 


TCTACCCCTG 


TTAGAAGGCG 


151 


TAACCCCTTT 


TTATAAGCCC 


GAACACCTGA 


TGACCAAACC 


AGGCCAAAGG 


201 


GTATAACGAT 


TGTTGCCCCC 


CTAATCAGCG 


CAATAATGCG 


CGTGGGCCTA 


251 


ACGCTGTTAA 


GACTCGATCC 


TATTGACCCG 


TCCGAGATCA 


ACCTAACAAA 


301 


GTTCTAGCCA 


TGTGCCATTT 


CGTAATGAAA 


ATGAGGGCCA 


AGGTGTCACC 


351 


TTGCTGGTCT 


AAAAAATGTG 


CCTCGATCCA 


AGGGACTGTT 


CATTTTTTAA 


401 


AATGACCATA 


TGACAGACAT 


CAGGCTAATG 


GACATGGTTG 


a — — — — — — AM 

AGTTTGGATT 


451 


GGCTCAACTC 


GGTTCGTTAA 


CAAACCAATC 


CAAAAAGTCA 


GCTCGCTATT 


501 


TACGAGCTCG 


AACAATTATT 


ATCATTAATC 


AATTTGCTTG 


TTAGTTACAA 


551 


ATTCAGTTTT 


ACTTAACAGA 


AAAATAGTTA 


ATTTATTCTT 


CATAATTTCA 


601 


CAGACCATTA 


TAAATTAAAC 


ACTAAATTAA 


TATAGAATCA 


ATCACAGACA 


651 


TAATTTATCA 


TCATCAGTTT 


GAATCCACGA 


GCTACATAAG 


CCGCACATAC 


701 


AATGTAGCAT 


ATTCACCGAT 


TCTAGATGAA 


ATATACTGCA 


TATAGTTTTA 
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TTTTTTGAAN 


GTGATAGGTC 


GTTTGACATC 


ACGAACTGGC 


TCGTTAACAA 
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ATGTTAGCTT 
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ATTAGTTAGG 


ATATGGTTCT 
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GGGTGATCAA 


AAGGAAGAAA 


AAACACGAAA 


AATTTAATGA 


GGTTCTTGGA 
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CTGATCGTTC 


951 


GTAGTCGGCA 
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TCCTCGTCCA 
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ACGTACGGTA 


GCTGTTTCAC 


ATTTCTAATT 


TACTATACGT 
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AGTGAACTCG 


CTGTGGTGTT 


ACCACCTCTC 


GCATTGCTAA 


TTTACTGGAT 
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AATTGGACCT 
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GATGAATTGC 
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TTTCCATTTG 


GAAGGTAAAG 


CTGAAACGAG 


TTCCTCCGTC 
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AGACATTCTT 


ATATTTTGAA 
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TCAAATCCCC 


AGCCAAGCTG 
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AAAGGTCAGA 


GCCTGAAATT 


TTCGTGCTGG 


GATGACGTTC 


GCCCTTACGT 
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CGCGCGCTGC 


AAACTGAAAC 


GAGTTCCCAT 


GCCCAAATAA 


ACTTGAGAAA 
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FIG.7B 



13S1 AGTGCTGTCT TGTTCAGCTA TGCCCGCATT ATAGATCGAT ATGGTGAGGT 

1401 CACTGCTTAT GCCAGGCACA TGACTCAATA TAGCTCCATA TCTTAGGCGA 

14 SI ATTAATCACA TCTCTCTGAC CGATCTTGGG CTCTCCTATA AATATATAGG 

1501 AACGTACGTA AAGTTTCTCC AAGCAGATAG CAGCAAGCTA AGCAAGTGCC 

15 SI AACCAACGAG TAGCAGGAAA CAJG. 
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FIG. 8 
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AGTATAATGG 
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FIG. 11 
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FIG.13A 
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FIG.13B 
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FIG. 14 
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FIG. 15 
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FIG. 16 



pTDS133 (-4 68) v pTDS134 (-454) 
1 AGGAATTCCT CTCCATGGAT CCCCTCTATT TACCTGGCCA CCAAACATCC 

51 CTAATCATCC CCAAATTTTA TAGGAACTAC TAATTTCTCT AACTTAAAAA 

101 AAATCTAAAA TAGTATACTT TAGCAGCCTC TCAATCTGAT TTGTTCCCCA 

151 AATTTGAATC CTGGCTTCGC TCTGTCACCT GTTGTACTCT ACATGGTGCG 

PDUPM17 (-249) 

201 CAGGGGGAGA GCCTAATCTT TCACGACTTT GTTTGTAACT GTTAGCCAGA 

_ pDuPN27 (-207) 
251 CCGGCGTATT TGTCAATGTA TAAACACGTA ATAAAATTTA CGTACCATAT 

_ pDuPN4 (-149) pDuPN7 (-130) 

301 AGTAAGACTT TGTATATAAG ACGTCACCTC TTACGTGCAT GGTTATATGC 

351 GACATGTGCA GTGACGTTAT CAGATATAGC TCACCCTATA TATATAGCTC 

401 TGTCCGGTGT CAGTGACAAT CACCATTCAT CAGCACCCCG GCAGTGCCAC 

451 CCCGACTCCC TGCACCTGCC ATGG 
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